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FOREWORD

i _ ' This final report documents the results of a program undertaken by the
.Lockheéd Aircraft Corpdration,'Advanced Development Projécts, for the joint NASA/
USAF YF-12 Project. The report is prepared in two volumes. Volume 1 contains two
parts. Part I provides an overview of the entire program, while Part II provides a

detailed account of the program. Supporting test data and specisl reporis prepared

LT during the course of the program &re presented as appendixes in Volume 2 of the

= ~ report.
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ABSTRACT

This..report presents the results of the YF-12 Lockalloy Ventral Fin Program
which was.carried out by Lockheed Alrcraft Corporation~; Advanced Development._ ... . .
Projects for the Joinf_NASA/USAF YF—lE_Erqject. The prihary purpose of the program
was to redesign and fabricate the ventnal“fin;of the YF-12 reseatch alrplane, usiﬁg '
Lockalloy,. an.slloy of beryllium and_aluminum,'és a major strucfural_méterial.r
A gecondary purpose, was To make & material .charact_erization study:.,of.,_Locka.lloy to
validate the design of the ventral fin and expund the:exiﬂting datu base on this
material. The report, therefore, covers ﬁll significant infofmagion pertinent to
the design and fabrication of the ventral fin and presents the material character-
izgtion test results. Emphasis throughdut is given to Lockalloy febrication

techniquer and attendant personnel safety preceutions.
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SUMMARY

Lockheed Alrcraft Corporation - Advanced Development Projectas (ADP) has

recently completed a program to redesign and fabricate the ventral fin assembly of

a National- Aeronautics and.-Space Administration (NASA) YF-12 research alrplane,. ... .o

Thisuﬁrogram, which was carried out-under the Jjoint NASA/USAF YF~12 Project,
entailed the firgt major applicationrof chkalloy, BR-8dl oy of beryllium and
aluminum, for a major structural component of.an airplane. The.program;ﬁlso called
for & Lockalloy material char&cterization study t§ be carried out concurrently with
the ventral fin degign and fabrication effort,

Since the YF-12 is a high-performance airplane3lits ventral fin is often

subjected to loadings at temperatures approaching 600°F, Under these conditions,

aeroelastic effects and flutter are a principal concern. Experience has shown that
these phenomena are a function of structural rigidity and can be minimized by simply
designing & stiffer fin, The necessary stiffness could have been achieved with an

all-titaniumn structure; however, the penalty of added weight and possibly more parts

‘appeared to bé unacceptable. Consequently, a new design based upon the use of

Lockalloy was proposed.

Lockalloy combines the ductile ﬁroperties of aluminum with the high strength,
low .density, and stiffness of beryllium. Tt has excellent thermal char&éteristics
and also exhibits good formability and machiﬁing charécteristics,quThemnewwdasign,
using Lockalloy as the major structural material for the ventral fin, called forla
semimonocoque structure in which a relatively thick skin of Lockalloy_panels serve Lo

absorb the primary internal loads, A light titanium rib and beam skeleton supports

and stabilizes the panels. For simplicity, a symmetrical hexagon alrfoil was choszen

since this section comprises all flat surfaces, and pancl Lends are needed only to

form the leading and trailing edpge wedpes,
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The lwockalloy moterial needed for the propran woas ordoered rom Kawecki Beryloo

Induztriecs, ine, immediately following contract, award. Fach plece of incoming

Lockalloy mateprlal was quallfication Lested before use to ensure that its mechanicaol

propertics were conslstent with the manufacturer's certification, ‘his provided
added assurance to the designer that the materiuzl would be compatible with 1its
intended use. ...

The casy Formability amd machinability of Lockalloy were confirmed during

fabrication of the ventfal fin, 8ignificantly, not one of the pancls had to be

_scrapped during-the—ventral fabrication. Standard cutting tools used for structural

aluminum alloys were used for the Lockalloy and no postmachining etching was
required to eliminate miecrocracking... Lockalloy parts were hot-formed with relative
ease on opcn-face ceramle dics. Forming was accomnlished in the furnace without the
use of 'a hot press. Formed parts did not require cleaning to rcmove oxidation,

Due to the toxicity associated with inhalation of beryllium particles, most
machining of lockalloy purts was accomplished by outslde vendors who werc specially

equipped for this, However, safety tests performed during ithe program disclosed

RS

that rclatively simple machining operatlons, such as reaming, countersinking, eto
can be dune safely in—plént using only portable vacuum equipment to collect the
béryllium particles.n“Theusafcty tests were..carried out under the supervision of
Lockherd's Ifffustrial éafcty Departments These testy revealed thal lockalioy can
be handled with relative safety by fabrication pcrsonﬁel despite its Leryllium
content, Bpecial precautions need only be taken during machining to prevent diz-
persal of the beryllium particles; none arc neodod in conneciion with hot={orming
eperations, -
Since this was one of the firat mejor uars of Lowkulley, the material

charasterization study was —arried ab Lo ovald iate the desien cnneptowhed aon

provi-dde aldit ool data velatiye Lo oche o chaet o mroaeetlon o I onoate rln

e



N |
| 1

ot Cep et .
(R} IRUR .

Page vil

The results of the tests indicate that Lockalloy is ideally suited to this and

similar—applications where light weight and stiffness in the face of compression~

type loading are requisites,
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Page 2

SUMMARY

Part I contains and explains the viewgraphs prepared as a sum-
mary for the final contractor report on the YF-12 Lockalloy Ventral Fin

Progvam, prepared for the joint NASA/USAF YF-12 Project.

The results of this program have demonstrated that Lockalloy is o
suitable structural material for amerogpace application. In vizw of the
present lack of adeguate statistical data on Lockalloy, any critical
application will require continuous monitoring of tﬁe properties for
the received meterial before it is applied. This is the same procedure
which Lockheed used to desigr and build the YF-12 Mach 3 vehicle some
fourteen years ago when the titanium alloys were also lacking an ade-

quate statistical data background.

The data obtained during this program agreed reasonably well with
the expectations as based on earlier information, except that the form-

ing'bend radli were not quite as good as expected.

Enough dats has been developed to validate the YF-12 Ventral Fin
Design and to justify committing Lockalloy to aerospace structural
applications. However, there are areas where Lockheed believes addi-
tional testing would be ugeful, either before or during the next ma.jor

application of Lockalloy. They include:

s
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Trragee:

Eotablish a salisfaelory means, by test and analysis, of delor-
mining the Modulus of Elastieily from coupon data, such that it
will be cencistent with measurcd stability allowable on plate or

column specimens at both room temperaturce and 600°F,

Develop more test data and analysis on the effects of Tormming ub
lOSOoF and the optimum practical stress relief cycle. The ctress
relief used on this program was to sosk one hour atalO5OOF. There

are indications. that there may be a more optimim heat traat cycle.

Establish {by tests)} full 8-n fatigue curves for Kt = 1 and

Kt = 3, at room temperature and at 600°F.

Run Creep Data Tests for additional stress levels at 500°F.
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SECTTON L

1NIRODUCTTION

1.1 PURPOSE OF REPORT

Thizc repori documents and summarizes the resulis of a program undertuken by
Jockheed-Advanced Development Projects (ADP) For the NASA Flighi Reseufch Center Lo
design, fabricate, and ground test a Lockalloy ventral fin assembly Tor the YF-lEH
research airplane. J%t also presents the resultslof an accompanying material cﬁar?
acterization study ror Lockalloy, which was used in the construction of the ventral

fin assembly.

1.2 PROGRAM OBJECTIVES AND AGCOMPLISHMENTS

On 21 April 1975, Lockheed-ADP was awarded a contract under the joint NASA/
USAF YF-12 Project to develop a ventral fin assembly for th. YP-122, using Lockalloy
as the major structural matcrial., The contract also specified that a material
characterization study of Lockalloy be conducted concurrently to support the ven-
tral design. The ventral fin_was to be designed‘to exceed previously established
physical and mechanical requirements that were used for the design of aﬁ all-titan-
ium ventral fin. One of the principal design objectiQes was increased stiffness.,

Iockalloy has sufficient strength at GOO°F to be considered as an alternate
material for tilanium on a vehicle opérating al Mech 3. The modulus of elasticity
is almosi twice {that of Lhe cémmonly used titaniwn alloys, und the donsity isz about
one-half thaL of these titanium alloys. This moukes Tockalloy very attractive for
use in relatively thick surfacce pancls with a minimum of supporting substructure.
The new design emphasizes 5implicity of conslruction and enlails the use of both
Iockalloy and pitunium. The substructural clements and Cillines are made of Litan-
ium, while the surface clements (panels) are made of Be-3BAT Tockalloy (50 purvcﬁlr

beryliium, 3% perceni aluminum).

PRIGHING PAGE BLARK NOT FILMEDY
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lawkalboy combine s the most deslrablce characteristies of both beryllium nnd
alumimm, The ductile properiics of purc alumimms arc combinced with the higher
stronglth and stiffness of berylliwe, The physical propertics of Lorkalloy are
cqually as attractive as its mechanical propertles,-.since.it-has high specifile huht‘
apd-thermel _conductivity ond.has low dénsity. In addition, Lockallov exhiblis good
formability and machining characteristics and usefﬁl structural propertics from
~320° to 800°F.

This program represehts the first significant applicatiqn of Lockalloy as a
structural material.for a major alrcraft compbnent. The published.properties.of . . .-
Lockalloy made it the best material to use on the ventral fin. The program offered
an opportunity to explore Lockalloy and more fully characterize it as a structursl
material, The ventral fin febrication operations provided firsthand experience in
macﬁining and forming Lockalloy, while the material characterization study did much
1o expand the material data base and validate the ventral fin design.

When the YF-12 aircraft were built some 1l years ego, titenium alloys were
almost as new and untried as Lockalloy is today. Accordingly, the YF-12 philosophy
of qualification testing and recording of each plece of incomingmmaterialmuas also
used on the YF-12 Lockalloy Ventral Fin Program., These éu&lification'testing results
are of much greater value to the designer than any data obtained by statistical means.,mmm”?
Even the well=known aircraft materials of today could be more safely utllized using
qualification tcstihg data on the specific plece of material to be used, rather than
relying on standard statistical results which constitute "probability values."”

To ensure that the design objectives of the program had beea met, the completed

ventral fin assembly was instrumented, lnstalled in a loading fixture, and subjected

to a series of prouof and callbration tests, Proof-loading was employed to suﬁject
the fin to the maximum loads anticipated in flight. The calibration tests were

performed to calibrate flight test instrumentation. These tests were completed

L — i EEh
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without ineident and the ventral fin agsembly was subscquently delivercd Lo the

NASA ¥Llight Research Center.

1.3 SCOPE OF REPORT

This report contains a detailed . asccount of the. ventral fin design and fabrlcatlon
effort and the sccompanying material characterization study. A narrative.discussion
of all program asctivities and significant events in chronologicdl sequence 1is pre-
sented in Section é. The results of the lLockalloy materisl characterization study
are suimarized._and._analyzed in Section 3, while supporting data may be found in
Appendixes Althru E. Sectfon 4 discusses the design criteria for the ventral
fih, including design support testing. Téoling requirements for the ventral fin
fabrication are dilscussed in Sectibn 5. Section 6 covers fabrication of the fin,
includihg in-plant operations aﬁd vendor‘operations, and also includes a summary

of Lockalloy fabrication experience., The ventral fin ground tests are described in

Section 7.
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SRCTION 2

CHRONOCLOGICAL FVENTS AND PROGRAM ACTIVITIES

This section provides an overview of the YF-12 Lockalloy Veniral Fin Progruam

from the standpoint of progrem activities and significant events,

2.1 PROGRAM SCHEDULE

The major events associated with.the program and the time frame in which they

occurred are listed in the Program Schedules, Figures 2,1-1, 2.1-2, and 2.1-3... .
2.2 ACTIVITIES AND SIGNIFICANT FYENTS. o o o ot s s e

2,2.1 Tagk I - Ventral Fin Design, Fabrication, and Test - The Be-38A1 Lockalloy

material needed to fabricate the ventral fin, provide the contingencles, and carry
out the material characterization study of this alloy was ordered from Kawecki
Beryleo Industries, Inc. (KBI) on 22 April 1975 (see Figure 2.1-1), This included
both sheet material and extrusions. Deliver of this material was scheduled during
the period 15 June to 18 July 1975. The material required for fin fabrication was
b}i _ %o be delivered first, along with sheet material for that portion of the material
charaeterization study required to validate the fin design. Contingency material
— | was scheduled for delivery last. Actually, de.iveries of the sheet material needed
for the fin surface panels were made iu the period 25 July éhrough 22 September 1975.
Production problems involving the larger Lockalloy‘sheet material were experienced
at KBI. As a result of these pro“lems, the sheet material accepted was L0 inches

o= long rather than 50 inches as originally ordered and necessitated an added splice

in the ventral fin.
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Enginecring development, tests were conducted in May and June L9{% to prove

wltimote load capability of eritical portions of the fin. These included;

(1) compression pancl. tests to validate panel splicing desipn techniques, (2) mechan-

ical fastener joint strength-tests to yalidate mechanical fastener spacing, (3) baox
beam compression stability tests to verify that the titanium substructure would
provide adeguate support for the Lockalloy gurface panels. In addition,.safety
tests were performed throughout the contract. period to determine the possible
existence of health hazards when working with Lppkélioy'at_elevated temperatures or
when performing .~latively simple machining Opei-ations, using only portable vacuum
equipment to collect toxic beryllium particles.

Fin tooling design and fabrlication were completed on schedule in June and
July of 1975, except for rework required by-the aforementioned design changes to

provide for the additional skin splice necessitated by the 4o-inch length limitation

on Lockalloy sheet material. This included tooling required to fabricate the titanium

substructure detalls and the Lockalloy surface panels, as well as that required for
final assembly of the fin.

Assembly of the fin substrncture was initizted on 26 June 1975, epproximately
one week ahead of schedule. By mid-August, assembly had been completed except for
drilling of holes nceded to attach the lockalloy surface panels. This final fabri-
cation process could not be completed until all Lockalloy panels were available.

The machined and drilled panels were needed to itransfer attachmeni holes to the
substructure.

Final machining and forming of the 32 Lockalloy surface panels and the cxiruded
Lockalloy leading and trailing edge members were cpmplcted by 23 Scptember 1915,
Final assembly of the venlral fin was completed W Qctober 1975, 'Tae compleled fin
assembly was instfumented, installed in a test fixture, and subjected Lo a series of

proot-load Lests beginning on 1h October 1975,  Thege Lests were comploted op

—_—
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Page 2-4
20 Ootober, Modificalion of Lhe titanium substruclure near the rcar beam support,
wag Indicated in Lhe courée of Lhe tesls and was completed In the next few days.
The ventral fin assembly was delivered to the NASA Flight_Research Center on
28 October 1975. |

0,2,2 Task IIL - Lockalloy Material Characterization Study - The Be-38A1 Lockélloy

materia). needed to carry out the material characterization studies was ordered

22 April 1975,-along with that needed for fsbricatlon of the ventral fin (see

: Figure 2,1-2). Machining of all tension, notched tension, and bend specimens from
an existing plate of .250-inch thick Be-h3AlL Iockalloy (left over from a previously
completed cost study of the X-24¢ alrplane) was completed by the first week in June.
Characterization tests of the Be-43Al material began in May and were completed the |
first week in Aupust.

An extensive literature search to compiic existing data on Lockalloy products
was conducted by the Lockheed Information Services Department in May 1975. Review
of this data by Lockheed-ADP Engineefing was completed by mid-July.

To obtain preliminary thermal shock information on Lockalloy, two samples of
.095«inch thick Be-38A1 alloy sheet were tested in May 1975. This material Qas

obtained from Lockheed Misslles and Space Company, Inc., without cost to NABA.

First delivery of the Be-38A1 material required for the characterization study
was received near the end of July 1975. This shipment consisted of the .250-inch
thick plaﬁe'material. Machining of test coupons from this material was accomplished
by an outside vendor in accordance with Lockheed engineering drawings. Delivery of

the test specimens from the vendor was made on 2 August, However, subseguent

ingpection of the 69 tension specimens just prior to testing revealed Lhat they did

not conform to dimensional lolerancesj they were then returned Lo Lhe vendor fer

revork.  Meanwhile, Lesting ol some of the acceplable specimens wers compieted in

doptember,  The reworked tenslie speaimens woere res weived on 20 Oqtober, and by mid-

Novembe roas - Lests hod Veoen concluded,
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Pwo of the three sheots of the ,150-inch Be-38A1 material required for the
characterization study of this material were received from KBI on ‘{ Octlober 1975.

The sheets WQré sent out for machining of test specimens about mid-October. The

teat specimens were delivered 15 November and characterization tests began immediately
thereafter: The third sheet of this material was. delivered after 17 December and
test specimens were not availsble until Januery 1976. The characterization tests of
this material (including shear panel tests) were completed in January.

Shear panel tests involving two 22-inch square, .150-4nch thick Be-38A1 panels
were .performed in two increments as shown in Figure 2.1-2. This was dictated by the
fact that the panels were febricated at different times. The first panel was fabri-
cated from the scheduled 7 QOctober shiﬁment of Icckalloy, while the second panel was
fabricated from a speclal pieée of Lockalloy materisl supplied by KbI later, specifi-
cally for this test. The first panel was subjected to shear tests to brovide data
on Shear buckling allowebles and ultimate shear strength. The second panel was
subjected to a localized 1000°F thermal shock test. After the thermel shock test
the panel was tested in the shear jig to provide direct comparison of the capability
of a severely heat-shocked specimen to carry shear as compared to a virgin panel
representing & significant airplane part.

Remnant tests were performed the first part of November 1975. Remnants from
each sheet of Lockalloy used.for fin surface panels were tested to evaluate KBI
certification data and thereby provide added assurance that each panel had acceplable

mechanical propertles.

-2,0.3 Task III - Reporting and Documenting - Appropriate emphasis was given Lo

providing adequate documentation for the YE-12 Lockalloy Ventral Fin Progrom.
Numorous reports were preparcd during the contract period, a documentary I'ilm was

pruiuced, and a {inal prograsm review was held to provide a forum in which the resulis

R S T
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of the program could be reported and discussed. These items are listed in the

program schedule for this task, Figure 2.1-3, and digcussed further in the following

paragraphs.

2.2,3.1 Monthly Progress. Reports - Six monthly progress reports providing a technical

commentary on the preceding month's effort were prepared during the program, These
reports were submitted during .the period 1 June fo 1 November 1975.

2.2.3.2 Special Reports - In addition-to the monthly progress reports, special

technical reports (Items 2 thru 5, Figure 2,1-3) were generated durirg the course of
the program. These reports provided advance information concerning certain tests or
analyses performed in connection with Task I. The following special reports were

public: »d:

Report Title ' Date
Component Tests for Lockalloy _ 2L June 1975
Ventral
Stress Analysis - Lockalloy Ventral. _ 17 July 1975
Fin

The above reports are provided in Volume II, Appendixes D and E, of this final

repart.

2,2.3.3 Program Review - On 12, 13 and 14 January 1976 a program réview-wes.held

at Langley Research Center, This consisted of graphically illustrated oral pre-
gentations and included a showing of the documentery film prepared &s a contractural
requirement. The presentation included & review of the program highlights as well
as significant developments resulting from the first use of Lockalloy for & primary

gtructural element of an airplene.
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2o 3. Documentary Film - A sound molion picture in full eolor wan prepared to

;,-E codument program hishlights. The Tilm runs approximately 18 minmute:z and inclindes

Lockalioy production af. KBI, material testing, bandling safety, ventral fin Fahrj-_
cation, ground testing, installation on the aircraft, and recalibration and vibra-
tion tests. The film was presented in conjunction wilh Lhe program review in Jan-

wary 1976.

?;;._L“mm-m_ 2.2.3.5mmEinal Report - This final report in two volumes, "YF-12 Lockalloy Ventral
Fin Program,wFinal_ﬁepQr.Q,WLXQlumc_Im:NCR:LHh97l and Yolume IT - CR-1hhg72, dated
9 January 1976) was prepared to provide detailed documentation of the program. The . .

report covers every significant aspect of the design and fabrication of the ventral

fin; it also summarizes the results of the Lockalloy material characteriza®ion study

and contains the substantiating data.

2.3 LOCKALLOY MATERTAL PROCUREMENT

R TR A T AT e A R T T R

o 2.3.1 Initial Order - The initial order for Be-3B8Al Lockalloy that waé placed with

KBI on 22 April 1975 provided sufficient material for ventral Tin fabrication, ma-

terial characterization studies, ana for unforeseen contingencies. This order con-

sisted of the following material:

Fin Fabrication

Co 6 sheets .150 x 25 x 50 inches
= - It sheets .125 x 29 x 50 inches
2 cheets .125 x 28 x 50 inches R

L extruded bar .6 x 4.25 x 67 inches

i

C— 1 extruded bar 6006 x 3.75 x 67 inches
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yuLuriul CharacLerizullion Slady

O oanheola L1550 2 2% x50 inchey
1 plate .2%0 x 2L » 36 inchos

1 plate .250 x 21 x 24 inches

Contingency Material

2 sheets ,150 x 25 x 50 inches
2 sheets ,125 x 25 x 50 inches

1 extruded bar .6 x 4.25 x 67 inches

2.3.2 Llockalloy Production Problems - KBI agreed on a "best effort" basis

to deliver the lLockaliloy material during the periocd 15 June to 18 July 1975. This

was bused upon the fact that KBI had sufficient ~38 mesh Be-38A1 powder on hand to

complete the order; it algo assumed that final production of the deliverable material
would be accomplished withoit incident or interruption. Consequentily, Lockheed-ADP

based its 15 September 1975 scheduled delivery of the ventral “in assembly upon this

gualified commitment. By the end of June 1975, it became apparent that KBI could not

meet its scheduled deliveries and that non-availability of the Lockalloy sheet
material would impact the deliVefy of the véntral fin to the NASA Flight Re;earch
Center. As a resiult, Lockheed=ADP developed g closer working relationship with KBI,
KBI produces Loékalloy sheet or plate material by encasing an extruded preform
in & steel envelope and hot-rolling it several times to obtain the requlred thickness.
For this order, KBI elected to use an existing die to produce 1.125 x 8.125 inch
rectangular extruded bars. To obtain maximum material utilization from this shape,
the bars werc cu. into preforms 35 to 38 inches long (considerably less than the
50-inch length of the sheet material ordered). Rolling operations were employed Lo
producce sheets of the required dimensicns and also improve transverse ductility in

the process. Following cach rolling operalion, the locralloy was oncused in a new
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gtec) envelope, In an cfforl to expedite this order, KBI substitubed o different

type of steel for that normally used for these envelopes,., ‘The first Iockalloy

plate produced, hQWever,.was fbund to be cracked following the gsecond rolling, and

KBI thus reverted to the type of steel usged previously for the rolling envelopes.
The preforms were to be éubjected to three rolling operations opposite the

direction of extrusion (widthwise), followed by a fourth rolling in the direction of

extrusion (lengthwise) to obtain the required ,150-inch thickness and to bring the

sheets out to the required 50-inch lengths. The Lockalloy plgpasuﬂgxg_ggwbgmencased

'in a new steel vi'velope following the first and second rolling operations. The third

and fourth rollings were to be accomplished successively, without replacing the
énVElope;

Having corrected the difficulties assoclated with the type of steel used for
the rolling eﬁvelopes (as described previously), the first twq rolling operations
were successfully accomplished on several plates with no evidence of cracking. The
combined third and fourth rolling operation, however, produced Lockalloy sheets with
eicessive edge cracking,...To correct this problem, it was decided that the steel
envelope should be replaced following the third rolling (opposite the direction of
extrusion), before attempting the fourth, lengthwise rolling. .. . oo

The third (widthwise) rolling was accomplished on 10 Lockalloy plates without

”f--“'—tracking. ...... The fourth (lengthwise) rolling using new envelopes was attempted for

the first time on 11 July 1975, It proved to be unsuccessful., The first two

plates that were rolled £0 the required lengﬁﬁ were f'ound to be exlensively

eracked. The amount of rolling was then reduced for the remalning eight plates.
This diminishcd but did not climinate the cracking., Some material from these plates

was salvapesable,




privigh

e e D e
-|m1'alﬂer‘H e e

i —
————— . —r—

Page 2-12

KRBT had alrcady cul all existing extruded material into the ghorter lengths
and also had scveral plates in process which had been subjected to two rolling
operations, ‘o moke use of this materlal and avoid further delays in producllion,
the troublesome lengthwise rolling operation wag eliminated. Thereaf'ter, all
replacement material ﬁas rolled only in the widthwisewdirectionf This resulted in
plates which were approximately 25 inches wide and which were thicker and sheorter
than originally ?eqpired. Proper sheet thicknesseleEre then obtained by grinding
at KBI, .To accommodate the shorter length sheet materiai, Lockheed-ADP revised the
original fin design by adding one additional chordwise splice near the outer tip of
the ventral fin.

The revised design required a total of 32 individual surface pancls, 12 more
than on the originel design. To facilitate Lockalloy production and make the require-
ments less stringent, Lockheed-ADP supplied KBI with surface panel templates. KBI

in turn provided sheet material of sufficient size to allow panel fabrication, This

measures were adopted (with the concurrence of Lockheed-ADF and NASA) to further
reduce risks:
a, Rolling temperatures wefe increased from approximately lOOOOF
to approximately 1100°F,
b, Steel envelopes @hat formerly had been cut open by shearing werc
now removed by cutting with an acetylenc torch.
¢. Additional clearances were provided between the Lockalloy and
the steel envelope trame.
d. Trimming of lockalloy edges belween rolling operatlons were
now accompl ished by milling rather than sawing to minimize:
the possibility of ceracks developing from the Jwrped ediges

produced by sawingg,
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é. Rolling speeds were denfcusnd rrom GO Lo g0 feet per minate 1o
30 feet per minute,
As a reéult of the aboye measures, bhe regulred Lockelloy sheet/plutn matoerial
was produced without further incident, However, since. practically all of the existing
-38 mesh Be~38Al powder had béan used up previously, the time~consuming proccss of

meking-moxe powder and producing more extruded bars caused some delay in the final

delivery of this material.

2.4 LIAISON RECORD

2.s,1 NASA Liaison -~ Liaison with NASA.during. the program primarily invelved pergonnel

from the NASA Flight Research Center, although program progress was monitored peri-

odically by NASA Langley Research Center,
A meeting involving representatives from NASA Flight Research Center and
Lockheed-ADP was held at Lockheed-ADP the first week of May 1975. The purpose of

the meeting was to determiné requirements for flight instrumentation of the ventral

fin. This meeting was attended by R..Klein and G. Matrenge of NASA, and Z.. Armijo,

L. Cassy J. Meyer, and R. Murphy of Lockheed-ADP,




r

ihi

f.

e ~3-l-| ;il"I '

'| . -
i Ii i

\ LI
R

h'gzwl*l'*{qu”hw ”v3'1'h'ﬁqfw‘i"”1“|§
1 ]

I,'lll‘l:.

Pago 2-14
A specinl design review meeting wos held al the NASA Flight Rescarch Center,
Pﬂwufds Alr Force Base, on 8 Auruat 1975, 1his meeting was attended by the Tollowin:

porsonnel from NASA and Lockheed-ADP:

NASA Personnel Tockheod-ADP Pergonnel
R. Banner I,, Caas

M.. DeAngelis .. : H, Combsa

- V. Horton W. Fox

R. Kleim _ : J.mMayésh
E. Kordes R _ R,.Murphy

_A. Kuhl R, Sessing
G. Matranga A. Weddell.
R.‘Meyer |
J. Neher

i J —Phelps

M. Tang..
M... Thompson

on 6 November-1975, J. Watts and S. Kirkham from the NASA Langley Research

[

Center visited the Lockheed-ADP facllity. They reviewed the .program. results to. . _

date.and were.bflefed of. the current status/results of the material characterlzation
study.

On 1 December 1975, following installation of the ventral fin on the YF-I12 air-
plane; o.meeking of Key program representatives from both NASA and Lockheed-ADP wus
held at NASA Flight Research Center. The purpose of the mecting was to present
analytical and test date to verify the structural integrity of the current ventral
fin design, The topies discussed included predicted and megsured stress patterns,
predicted loads based on wind tunnel data, and results of flutter analyses and

calibration testo,
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Attendees includeds

[

NASA Poersonnel

P

W. Albrecht

D.. Berry

il . W..Cazier:. .

M; DeAngelis

M,.. DeGeer

G. Gillyard
:é : V.VﬁortOn
* | - J.aJenkins
?}' . _ R. Klein
- G. Mstrenga
v}i R. Meyer
VEF' M. Peterson
i M. Thompson
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f- In addition, a synopsls of Lockheed-ADP's experilence and findings pursuant
-ﬁn to the development of Lockalloy technology woe._presented,

Lockheed~ADY Personncl

.

D.

W'

MY

1.

R.

R..

CI

Combs

Ford

O o e e e e e e

Mayesh

Meyer

Murphy

.Sessing

fumpier

The fingl program meetings were held at the NASA Langley Begesrch Center

on 12~14 January 1976 for purpeges of conducting the program review (Paragraph

2.h.e Vchdor ILinison = Vendérs associated with this program included KBI and varioﬁé
locsl. machine shops. The lutter wére used to machine the Lockalloy components of the
ventral fin and prepare the Loékalloy test specimens needed for the material
characterizati-n study. They werc selected on 4 competitive bid basis from a

number of machine shops {hat have beryllium:muchining facilities. Thece facilitics

are characterizéd by having the specisl equipment needed to collect the dust and other

RO NS B TR
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particles produced diteingg Lhe mochining provess,  Among Lhe vepdors ased for lockalloy
wachinin: were L.A, Gauge Company, Ihe., Petoerason-Jones Manufacturing Company, and
Walleo Epgincering Compalty.

Two formal meetings were held with KBI representatives during the program,

The first was at Lockhecd-ADP on 22 April 1975, the day following contraect award.

KBI personnel attending the meeting included: J. Abeles, Chairman of the Board;

R. Strock, Manager Beryllium Metal Sales, Long Beach,.Calif,;. and. P. Smith, Sales
Engineer, lLong Beach., The meeting was also attended by B. Rich, H. Combs, R. Passon,
and T. Haramls of Lockheed-ADP. Price negotiatibns for the Lockalloy material
needed for the program were concluded at the meeting. fn addition, the Lockalloy
delivery schedule was agreed upon and the KBI production facillty was "turned on" by
a phone call from Mr, Abeles. The necd for film coverage of Lockalloy production (for
inclusion in the ventral fin documentary film) was also discussed on a preliminary
basis at this meeting, but no commitments were made, (KBI subsequently agreed to
furnish the necessary film footage as part of theip original quote.)

The second meetings with KBI were held at thelr facility on 10, 11, and 12

July 1975. These meetings were called to discuss Lockalloy production problems and
to allow T. Haramis of Lockheed~ADP and R. Jackson of NASA Langley Research Center
to personally witness the critical fourth rolling operations (see Paragreph 2.3.2).
KBI personnel present included: J. Cinerazzo (Vice President and General Maneger ),
W. Lidman {Progrem Manager), and D, Brillhard {Chief Metellurgist,-R-&.D), and

D, Schoenly {Manager KBI, Hazelton, Penn, facility). At the final meeting on

i2 July, all present were briefed and were in accord with the previously outlined
special measures that were to be adopted for the production of the remalning

Lockalloy sheet material.
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SECTION 3

MATHRIAL CHARACTERIZATION 81UDY

3.1 INTRODUCYION

This section contains the results of the Lockalloy material characterization
stuﬁy that was carried out concurrently with the design and fabrication of the
ventral fin., This study was of special significance because..li not only served
to validate the design of the fin, but was needed tc expand the existing date
base for Lockally sheet and plaie as currently produced at the mill, If also
afforded the opportunity to gain additional Lockalloy fabrication experience as a
result of performing the various béﬁd tests and preparing the numerous test speci-
mens that were needed in the course of this study. The neec for Lockalloy
charscterization data applicable to the design of the ventral fin became apparent
early in the program as a result of an extensive literature search (see Paragraph
3.2).

The materisl characterization study consisted malnly of standsxrd tests to
determine the formability and mechanical properties of Lockalloy alloys of varying
compogition and {hickness,...In.addition, special testslwere performed tat.

a. Evaluate lap shear joint strength
b, Test the shear strength of a Lockallcy panel
with and without locaelized thermal shock
c., Verify the Lockalloy manufacturer's certification data
d, Verify short transverse tensile strength data
c. FEvaluote the effect of repeated cold~forming on
the intepgrity of the material
A summary of the data obtained in the course of the material characterization

study is presented at the end of this section,

s e e
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Jo ANALY SIS O BATUEI NG LOCKALLOY DATA

Ac opards of Lhe matorial clharelerizalion sfedy, an cqboencive TiLtorature ceneeh
his beon condueled by Lhe Tockheod Tnformalion Servieos Depauriment to complle cexist-
ingr data on Jockalloy producls,  Pertinenl documents obtained as a resull of thino
survey were reviowed by ILockheed - ADP Engincering., None oft these documents pro-
vided data covering the thicknenses of Lockalloy material required fér this program.
The vast mujority of the published data is for materials produced early in the de-
velopment of Lhis fumily of alloys and does not reflect current material manmufac-
turing procedures. Most of the data applies to material produced before the cur-
rent 1 percent maximum limitation on Be-Al oxides was imposed. Sheet products were
usually tested in the as-rolled or a partially annealed condition, rather than the
fully énneaied condition spceified for the material in this program. Formability
studies have been concerned with establishing minimum forming temperature, rather
than determining minimum bend radii at a higher temperature where forming and stress-
relieving can be accomplished in .ne operation.

This analysis of existing Lockalloy data thus disclosed the lack of practical
data and corroborated the need fur the material characterization study. A completle
bibliography listing the publications that were reviéwed for applicable Lockalleoy

data is presented in Appendix A.
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3.3 IHSTING OF .250 TNCH THICK Be~h3AL

Characterization tests were performed on Leat speclmens prepared from .250-inch
thick Be~li3A1 plate. These tests were primarily intended to provide baseline data
concerning the fofming characteristica of thils alloy. The resultant data 1s needed
to provide & basis for comparison with comparsble data obtained as a result of
similer testing of .250-inch thick Be-3B8Al plate...-The formsbility tests performed
consisted of tension, bend, and notched tension tests. Tensile coupons were pre-
pared Lo determine strain parameters and. evaluate forming characteristics at both
room and elevated temperatures. Requirements for and effectiveness of intermediate
stress-~relieving éycles during room and élevated temperature forming were evaluated
in the course of these tests,

In addition to the above tests, lap shear joint strength tests were performed
to evaluate joint strength at room and eleévated temperatures for various fastener
sizes, The specimens tested wexe machined to .150 and .125-inch thicknesses to
facilitate comparison with similar data obtained from testing Be-38Al1 alloy of
like thicknesses. A summary of 8l1 tests performed is presented in Table 3.3-1.

These tests are described in succeeding paragraphs... .o oo
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3.3.1 Forming Characteristics - Be-h"3Al ,250 Thickness - Tn order Lo egtablish

forming characteristics, as well as effects of forming on Be~h3Al Lockalloy plate
properties, tensile tests were éonducted as sumnarized in Table 3.3-1,

Table 3.3.1-1 shows the results of tensile coupons tested at various loading
atrain rates. Test strain rates were increased and decreased by an order of megni-
tude from the standard tensile strain rate of ,005 in/in/min, The results indicate
that decreasing the strein rate to ,0005 in/in/min. did not have any effect on the
elongetion of the material.and, therefore, using excessively low forming rates is
not expected to improve formability characteristics. . Conversely, increasing the
rate to .050 in/in/min. (10 times the normal rate) decreased the elongation from
10% to 7%, which suggests that the material's tolerance to deformation is impaired
at relatively high rstes of forming.

Tensile tests conducted at temperatures of 1050°F show a decrease in tensile
strength to approximately 2 to 5 ksi and a corresponding increase of the elongation
to 20%, The data is shown in Table 3,3.1-2.

Test data of coupons tested after an initial R.T. stretching to .5% and
stretching to 5% followed by stress relieving cycles are shown in Table 3.3.1-3,

The yield stress of coupons with stretching of 5% without'stfess relieving
is increased from 40 to U6 ksi indicating the effects of work hardening. Coupons
stress relieved for 1 hour at lOSOGF after stretching to 5% show a decrease in
ultimate and yield stress from the "as received" values. Repeating the stretching
and stress relieving twice did not seem to have any further effects on the material
strength., The totgl elongation does show some increase after repeated stretehing
and stress relieving, bul falls short of that expected of a material that hes had
intermediate anncals, This docs suygrest Lhal the slress relieving cycle ageed
{(duralion aud/ur Lemporature ) may nol represent an alequale heat trealment,

. PN . .
et data of ceuapons sbreiched 5% abh 10SCTF dinstead of roon Lemperstiare
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Page 3-6
with repeated annealing snd stress relleving cycles 1s precented in Tahle 3.3.1-h.
This data also shows a decrease in strength over the "as recelved" condition, and
lower than expected elon::tion.

pest results of coupons stress relleved at 1050°F for one hour without

prior straining are presented in Table 3.3.1-5, and it shows that exposure to

this cycle has no effects on the material propertles.

From the results of these tests 1t can be concluded that additional

effort Is required te better define formabllity and determine appropriate annealing

and heat treating cycles for thils material.
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3.3,1.1 %enaile Tealn - Tonslle tests were copducled secording Lo sbandard ASTM . ]

E111-6) practiecs. Tensile specilmens of a pin lowled, one~ineh page lenghh contigue
ratlon as shown on page B-3 of the Appendlx were installed in o 30,000 1b, Baldwin : ]
Mark B Universal Testing Machine. A mleroformer Lype loud-struin recorder ulllizing -
a Baldwin Model B3M, one-inch gage length ASTM Class B exlensometor was used to pro-
vidc an automatic load-defleection curve for room temperature tennilu tests, A n
typlcal set-up of the room“temperaiurc tengile test 1s shown in Fig. 3.3.1,1-1 and a
closé—up view of the extensometer attached to the specimen 1s shown in Flgure 3.3.1.1-
For elevated temperature test a modified Baldwin Model PSH8 Extensometer, as
shown in Fig. 3.3.1.1—3 was used for strain re;ordings. A 1500UF Marshall circulating

air furnace, as shown in Fig. 3,3.1.1-1, equipped with a Marshall temperature controlle

was used for all elevated tensile tests. A thermocouple attached to the specimen was

used to monitor the actual temperature on the specimen as recorded on-a Brown recorder
Unless otherwise noted, specimens were loaded at a consta~t head travel rate

that produced a strain of ,005 inches per inch per minute, The faster .05, or

slower .005 inches per inch per minute rate tests werc conducted at ten times or

one-tenth of the standard rate, respectively., As noted, some of the very slow rate

tests were speeded up after the yield point had been determined to save time,Yield

and modulus values were determined graphically from the autographic load-strain

(-

curves., An expanded_load-strain curve was used on many of the tests in an attempt. . . ..

[

to more sdequately define the straight line portion of a predominately non-linear
loadwstrain curve. The intent was to provide more consistent dats reduction frpm one
technician to another,

Pre-stretching of the tensile specimens was accomplished by loadinge the specimens
in tension and measuring head travel with a Baldwin Medel PD-1M Deflectometer, The |
defleetion was predetermined so as Lo produce a permancnt set of appraximately & oper-

cont an noted on tue antographic lowi=detlection curve,  This procedare o pre ~slraini



S | | ?
3 ; — I ] I: i

wag used Lo proclude any posslible prematurec Collores al poge ollachment. points

parlicidarly during eclevated temperature testing, The speclmen was then unloaded

- anl the actual permanent deformatlon was determined by measaring belween very
? 75: Lightly seribed pgapge marks previously applicd to a lipght coating of layoutl dye,

These measurements were made Lo an accuracy of ,0002 inch using a miecroseope wilh a
traveling stuge.
The results of ithe tensile testing for the .25 thick Be-h3-hl alloy are pree-

sented in Tables 3.3.l=1l.through 3.3.1-5..
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Fig. 3.3.1.1-1 Overall view of a typical room temperature tensile test. _
: All room temperature tests were conducted with the furnace 3
= in place but not operating. ‘1
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. Fig. 3.3.1.1-2 Clo.c=up view of the Model B3M tensile extensometer installed :
: : on a specimen befcere test. ‘
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Fig, 3.3.1.1-3

View showing method of attachment of the
Model PSHB elevated temperature extensometer
on a test specimen before test.
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3.3.1.2 Bend Tests - Th:pg_PoinL - Bond tesls were peccomplished al room temperaturce

and at 10500F Lo yverify the malerial momufacturerts recommendation of )0 1 bend
vadius at room temperature and 6 1 bend radius at elevated temperatures.

From an off-the~-shelf Be-~U3Al alloy plate having the dimensions of 21.0 x
36,0 x .250 inches, a total of ten (10) bend specimens of each of the geometries
shown on pages B-8 and B-12 of the Appendix were machined by an out-of-plant, .
approved beryllium machining facility. For both the room temperature and elevated

temperature bend specimens, five (5) specimens were obtained in both-the longitudinal

transverse direction, herearter designated as "T" (normal to extrusion direction).
3

Room Temperature Bends

The room temperature bend tests were accomplished in & power brake utilizing
a female channel die 3.00 inchés wide and 2.5 inches deep having 1.0 inch thick legs
rovnded at the ends with a .50 inch radius. Male dies having radii of 3.75 inch and
2,50 inch were used to produce bends at R/t's of 15 and 10, respectively. A typical
set-up in the power brake before and after bending is shown in Figure 3.3.1.2-1
The maximum bend possible for this combination of male and female dies was approxi-
mately 350 at an R/t of 15. It was found necessary to use rubber back—up to hold
the specimen firmly sgainst the radius of the male die to prevent the specimen from

diving shead of the male die,

1050°F Bend Testing

Klevated temperaturce bend tesis at 10500F were accomplished by & bending fixture
installed in a Marshail oven between the platens of a Baldwin Universal Testing
Machinc. A typical set-up is shown in Figs 3.3.1.2-2. The bending fixturc, shown
in Fig. 3.3.1.2-3 consists of a female die, 2,12 inches wide having varying span

capabilitivs to accommodate 2,00 inch thick mule dies of various radii Lo cover a

all
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range ol }{/'l,':'. feom b Lhen 10, A Morsholl Lomperatur: conlroller mainbain o d Lhe
furnace Lemperature ol LOpU”F * LU“F, bubl during Lend Lesting aclual bend St i n
temperature was monitored by a thermocouple placed on the bend specimen sd el oul
on & temperature recorder,

fhe first bend test at 1050°F was accomplished at an R/t = 6.0, For this R/L,

a male die of 1.50 inch radius was used with the span of Lhe female deternined by Lhe

following expression:

I

Span Male Diameter + Twice Specimen Thickness + .250 inches

n

2 x 1.50 +2 x .25 + .25 = 3.75 inches

With the temperature stabilized at lOﬁOOF, load was applicd and the bend specluen
was moved to a pre~dctermined deflection, as monitored by head travel, calculated to
produce a permancnt sct bend of 105 degrees, AL this point a visual check wos made
by removing a small cover in the oven door, and it neeessary increasing deflection to
obtain the desired bend. The cover was replaced and the temperature was slablilized
at lO50°F for each added inerement of deflection. The initial raic of head travcl
was GO in./min. but bending at a slower rate of .06 in./min. produced acceplable
bends whercas failures occurred at the higher rate for the same R/t. A bend 1o
considered acceplable if when bent through a angle of 10 degrees (permanent set),
no eracks or ruplurcs are cvident on the surfuce al 10X ma'nification,

The results of the room temperature and 10500F bend Lests for Lie 270 ihisk
Be-4t3A1 alloy are shown in Table 3.3.1.2-1, Based on these tests, the approximate
theee depree bend required on the venbral 40 ouber okin panels ol the fronl and
rear beams could be safely mede cold wsing an R/L = 19, not R/ = 10, AL G W, it
appears thal o minimuz R/L = f, net b shouid b dCor puod bends,
bent at un R/t ="' ul OV was aovomnlished Leodono natrate Lhol g inen Leondln

i alare s who Sanident A Do -

chaoraclbevistios are el chiained ab Ahids Lo

Tminnry titoralnre,
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Fig\lre 303.1.2"‘1

After Bending

Typlcal Set-Up of [-som Tempcrature Bend Test
At R/t of 15 in Pow.r Brake.

75-5172=1

75-5172-2
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. Typical Elevated Temperature
Bend Test Set-Up.
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Figure 3.3.1.2-3 Elevated Termperature Bending Fixture
Showing Female and Male Dies.

|




(*ur ¢2* = 1) STINSHY ISHT @NAL (L6-XTI) TVE®-°€ XOTIVIOOT

"T-2°T'E'€ JIOVL

*30v3 ONZE *NA/ NI 1v AN3E pL 1Y Q3Tvd | L1-Wal | " SNWaL p 14009
“3Lv3 N8 “NIW/ NI 9" 1V GN38 07 1V SIOV¥5 JOVANs | 1z-an | "SNvaL .
"3Lv ANEE “NIW/ NI 9° 1Y GNEA _yé Lv SHOWAD 35va80s | 1z-ani | “ONOT
“3Lvd ON3E “NIW/ N190° 1V ON38 601 1v ¥OV¥D INFRIVA | Is-anl
“I1vd ONZE TNIW/ NL9" 1V ON3E 96 LV SIOVED IOVAINS | Ly-8n1 | "SNwAL
31w AN38 NIW/ NI 9" 1¥ 98 GIWIOINIA0 NIHM SNOVED IOVANS FMIAIS | Ie-an 9
"3L¥¥ ON3E *NIW/"NE90° 1V ON3E S01 1¥ 3ANTIVA ON | 801 | . o0 o1 350501
“31vA GN38 NIW/ N1 9- IV ANEE 021 1V SYOVAD 3ovaans | -4l
"31VH GNEY NI/ NI 90" IV ONZE S0L LV T4V ON | 1s-Wal | .o o
“31Wd ON38 "NV, NI 9° 1V AN3E 501 LV JOV¥D INFIVH | Li-ani L
“31v3 AN3E *NIW/~NI 9 1v ON3 501 1V 3301Iv3 ON | 11601 | “ONO1
deeoiova daeend Hum- anae g vazivd | e o
"dM-DVE ¥388MY LNOHLIM - N8 _§ 1v 4I1IV3
. . ot
4-IOVE WIOH HLM - ANGE ¥L IV OIS | vt | oo
*IIoVE ¥388NY INOHLIM - NEE 6 1v a31Iv3 « dwaL
“AN-OVE Y3880 HLIM - ANJE L1V aTIvd | Ly-wal WOO¥
: . , —ovar] "Nl
dMFDVE ¥308NY INOHLIM 0 HLM - AN £ IV RNTIvA ON | (548
“d0-MOVE ¥I6ANY HLIM SE HONOWHL INZS NIHM J4MIvA ON | Te-wat| | st
_ : . veer] "ONOT
“d(-NDVS 33890Y LAOHLIM 30 HLIM - ON3E (£ v RMIvA ON | 2%
sInsas REWNN| NOIIDIUIA| SSINDIDIAL | ~awal
NaWID3ds| NIVEO | SnlavE | ONIWIOM

Poge 3~20




Ol

=B S e A

;'lliui

L RTEI R 'Iéia A

";ae‘|‘n<‘u‘:ii4,.
O A

LR

——— - ———

Page 3=2)

3.3.1.3 Stress Relieving = The necessity of astrpess relleving parte formed al room

temperature 1s illustrated by the sketches shown in Fig. 3.3.1.3~1 through 3e3e1.3<k, "
The initial traces of specimens 5BM-2T and 5BM~2L formed at room temperaturec t
are shown in Figure 3,3.1.3=1. The specimens were then placed into an oven and
soaked for one hour at GOOOF, removed, and allowed to cool to room temperature.
Superimposing the specimens on the initial trace shows a change in shapc as indica=-
ted by the dashed line. The change in shape is due to the residusl stresses induced
during forming. S 57 J

The trace of another specimen, identified 5BM-4L, also formed at room tempera-
ture is shown in Figure 3.3.1.3-2. This specimen was stress relieved for two hours
at 1050°F while weighted down in matched Glasrock dies and allowed to cool, while
weighted, to room temperature. GSuperimposing the gspecimen over the initial trace
showed no change in shape. The specimen was then soaked for one hour at 600°F end
allowed to air cool to room temperature. Again, superimposing the specimen on the
initial trace showed no change in shape had taken place indicating the residuzl
stresses induced during forming were effectively stress relieved.

The samé procedure was followed for specimen number 5BM-5T, shown in Figure
3.3.1.3-3 a8 for specimen 5BM=LI with the exception that the specimen was unloaded
immediately from the matched Glasrock dies after. the 2 hour stress relief at 1050°F
and allowed to cool to rooﬁ temperature by hanging in still air. Superimposing the
specimen on the initial trace after the one hour beke at 600°F showed no change in
shape, again indicating the stress relief cycle to be effective, This procedure
shows promise of increesed productivity for parts requiring cold forming operations.

The traces for specimens 5UB-11, 5UB~1T and 5UB=-3L formed at 1050°F are shown
in Figure 3.3.13-4. Sosking these specimens at 600°F for one hour, air cooling
and then superimposing them over the initial trace shows no change in shape had

taken place, Hot forming at 10500F eliminates the necessity of any further stress

relleving,
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R/t =15
RUBBER BACK-UP

—— AS BENT

— BAKE AT 600°F

5BM-2(T

R/t=15
RUBBER BACK-UP

-=—— AFTER T HR

5BM-2L

Figure 3.3.1.3-1  Bend Specimens

BAKE AT 600°F .. . . . . ..

A




- 5BM-4L

38.5
R.T. BEND

®..STRESS RELIEF - 2 HOURS AT 1050°F WEIGHTED IN.
MATCHED GLASROCK DIES. COOLED TO R.T.
WHILE WEIGHTED IN DIES...NO CHANGE IN SHAPE,

I ® | HR. AT éO('joF, NO CHANGE IN SHAPE.

- Figure 3.3.1.3-2 Bend Speéimen

AS REC'VD. .o
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5BM-3T

R.T. BEND

® 2 HOURS AT 1050°F IN WEIGHTED..
MATCHED GLASROCK DIES. - UNLOADED
IMMEDIATELY AND HUNG ON HOOK TO
COOL IN AIR. NO CHANGE IN SHAPE,

e AFTER 1 HOUR BAKE AT 600°F. NO
CHANGE IN SHAPE,

=3

Figure 3.3.1.3-3 Bend Specimen
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® AFTER 1 HR BAKE AT 600°F
NO CHANGE IN SHAPE

Pigure 3:3:1.,3-k  Bend Specimens
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3.3.1.4 Notched Pensile Posts = The notehed tenslle specimens contlpuralion shown

on paye B-11 of the Appendix arce pin loaded and have the swme peomelrio confignralion
a5 the amooth tensile aspecimen with the exception of {he machined KT = 3 notch,

The specimens were installed in a 30,000 lb. Baldwin Mark B Universal Tocting
Machine and—loaded at a constant.rate to reach failure in not less than one minute

or approximately 50,000 psi per minute maximum., Only ultimate notch tensile strength
1s reported for. these specimens.

The results of the notched—tensile tests for the .25 inch.thick Be-43Al alloy
are presented in Table 3,3,1.L=1 along with the results of unnotched tensile tests to
show the notched to unnotched ratio for the Be-43 Al alloy., Identical tests per-
formed on ,25 thick 7075~T6 bare aluminum alloy yielded average ratio values for
triplicate specimens of 1,190 in the longitudinal direction and 1.142 in the transe

verse direction as compared to 1,036 and .99, respectively for the Be~-li3Al alloy.
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Page 3-78

30300 lap Bhear Joial Tests - To provide dosirners and slress peveonnel wilh

advanceed preliminay desiegn informmiion From which Lhe necessapy Caclener sison
and spaeinegs comensirale with the desiin loads could be cotablished, lap shear +
Joint tents were performed.  The specimens: conformed to MIT-8TD-1310 (excapl for r
Lometh and riveted instend off spotwelded doublers) and were machined from a 240
ineh thick Be-l3AL alloy plate to the .12% and .150 inch thicknesses required Tor
the ventral Cin skin gages.
Due to the limited amount of available material, only duplicale specimens were
fabricated to the configuration shown on page B-3 of the Appendix. Fluch shear-
head type GAL-hV titanium Lolts of .190 inch and .250 inch diameters were utilized
in both the .12% inch and .150 inch thicknesses for the room temperature tests but R
only in the .1%0 inch thickness for the 600°F tests. Also tested al room tempera~
ture only, were duplicate specimens ulilizing a self-aligning flush A-286 CRES nut
and flush .190 inch dimmeter 6A1-UV titanium bolt. These fasteners were used in
the .12%5 inch thick skin attachment to the leading and trailing edges of Lhe ventral
fin. A photo of typical lap-shear joints showing a .190 inch and .25%0 inch dia- .
meter flush titanium fastener in .150 inch Be-h3Al alloy is shown in Figure
3.3.2-1.
The lap-shear joint specimens were installed in a 30,000 lb. Baldwin Mark B
Testing Machine and loaded at u constant rate to a value corresponding to the
approximuate yield deflection specificed in MIL-5TD-1312 for the particular fustener
size being tested, AL this def'lection, the specimen was unloaded to near zere load
to more accurately determine the true permanent deformation.  The spuelmen was ihen
re-loaded to Miluve. A Tockheed desisned exlensometer compalible witle Lhe Baldwin

¥-y plotler provided sn awstosmphice losd-deformation curve for both room temperature

U . . . . ) . . .
and GOOF Lesbine and io shown in Figure 3.45.0-00 A typienl joint testb cot-up i
showdn in Fieure 4, 5.0- 50 qmd o0 Lypdentl jolnt Joad deformation curve i chown in
i vee g4 =h
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. _ The lap~shear jolnt test resulls are tabulatod ln Table 3.3.2-1 and a photo-

graph of all the falled cpeelmens tosted of the Be-i3Al materlal arce shown In

Hodw oh 4y v,

Fig‘urc 3.302"'50
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To conserve the limited amount of expensive Lockalloy material, sll cnd doublers

.; used on the lap-shear joint specimens, in either Be=lI3A) or Be-38A1 Lockalloy, werc

g:_ 321 corrosion resistant stcel installed with squeezed A-286 rivets.

:? Lap-shear joint specimen 1J4,.15=2 was. deliberately marked with a torque set

:é driver from the edge of the flush screw countersink across the specimen to the edge, SR
'E" normal to the applied load...The specimen failed. across the net-section of the

;i. ; specimen, however, the failure was in an area away from the marked surface,
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Back Side

Figure 3.3.7-1 Typical Lap Shear Joint Specimens.
Flush 1/b in. dia, on left & Flush 3/16"
in. dia. on right.

T5-5220-1

75-5220-2
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Figure ... -+ A Typica' Lup-Shoear Joint Test
Set-Up Arran;-ment for Room

Temperature Testing.
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- Figure 3.3.2-5 Photograph Showing All of
The Failed Specimens in The
Be-43A1 Alloy.

. .8

-1 " P
Pooen g

TR

FIEPRTERET NN LRRLT I
[ N I
1

.
-4




]
—— o o

w
SRR U B E R AR

i
i

Page 3-35

TREUTEI

3.4 TESTING OF ,250 INCH THICK Le-~38A1 PIATE

Characterizalion tesls ot .250-inch thick Re-38A1 plale werc performed to test

SYTHLLE

" iteg forming characteristics and 1ts mechanical properties. The formabllily tests
o performed consisted of tension, bend, and notched tension tests. The results of
these tests are needed for comparison with similar tests performed in conjunction

with .250~inch thick Be-43A1 plate and .150-inch thick Be-~38A1 sheet. In sddition, e

series of tests was performed to determine the mechanical properties of the ,250-inch
thick Be-38A1 material. These tests are summarized in Tables 3.4-1 and 3,4-2 and are -

described in succeeding paragraphs.

h*uéw‘ﬂ=w°”.ﬁ@.
[l

3.4.1 Forming Characteristics ~ Be-38A1 .250 Thickness -~ The tests performed on

i,
L P
RLI i

.250 Be-38A1 Lockelloy in connection with formability are shown in Teble 3.L-1,

el

These tests are identical to the tests performed on Be-L3Al which are described

and analyzed in Section 3.3.1

The strain reate variations at R.T. and 10500F have the same effects on Be-38Al1

iay

as on Be-=U3A1. In general, slower straining rates agaln improve formability, while

ﬁiﬂh!quiiH.TYi

i
\
T

higher rates of deformation decrease material formabllity, Data is presented in

TR

Teble 3.4.1-1 and 3.h4.1-2,
i : Straining of the material tc 5% at room temperature shows the same effects of
SR i work hardening observed on the Be-43Al. Annealing at 10500F for one hour, after
- : stretching, seems to restore material properties, Repeatling the stretching and
: _ siress relieving cycles shows effectively no change in the strength properties,

- . with an approximate T70% increase in the elongation, Test results are presenled in

Table 3.4,1-3.

%

5 -

5 . ) L0, - . o,

§_-; Coupons strained to 5% al. 1050 F do not exhibit the work hardenin, «I7 5

5 O that the coupons strained al rocy lewperalure oxhibil, Repeating vhe Gyt chenbress
P reiic® eysles has a moderabe sotffenfrne (fecb o Tent data shown in Cabie i, =hy

DA ML L AR T BT

|ﬂ44—l!lh.uw« l.w_ -
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Strean relieving (exposure to 10500F for one hour) withoul, prior strelehing has no
effect on material propertics, Table 3.4.1-5,

Although the stress relieving cycle of lOSOOF Tor one hour seems ito better
approach a full annealing treatment for the Be-~38AL material, further work in this
area will be useful in defining formability of Lockalloy.

3.4,1.1 Tensile Tests - The procedure used for testing th2 Be-38A1 material is the

same as that emplojed for the Be-43Al1 material. This is described in Section 3.3.1.1
and is not repeated here.

The results of the tensile tests for the .25 thick Be-38A1 alloy are presented
in Tables 3.4,1-1 through 3.1;.1-6;

3.4.,1.2 Bend Tests-Three Point - The procedure used for testing the Be-38Al1 material

is essentially identical ito that used for the Be-43A1 material. Section 3.3.1.2
describes this procedure so 1t is not repeated.

A photograph of the bend specimens after testing are shown in Fig. 3.b4.1.2-1
and the results of the room temperature and 10500F bend tests for the .25 thick
Be~38A1 alloy are shown in Table 3.4.1,2-1. Based on these tests, the remarks made

for the Be~l43Al alloy are alsc applicable here, However, at room temperature, the

Be-38A1 alloy is slightly less workable, requiring an R/t = 20 as compared to R/t
= 15 for the Be-i3Al alloy.

3,1.1.3 Stress Relieving - The remarks made in Section 3.3.1.3 apply equally to

thi

L

section.

3.4,1.4 Notched Tensile Tests - The procedure used for testing the Be-38Al material

is essentially the same as that used for the Be-43A1 material, Section 3.3.1l.h
describes this procedure so it 1s not repeated.

The results of the notched tensile tests for the .25 inch thick Bea38AL ailuy,
both at roun Loumperature at at COOF and in both the conecifadlinal oani Lranoveros

directicns are presented in Trbie J.0.000-0. 0 nnot bedd Lenslie wents for Lhe same

T
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conditions and dircctions arce also presenbed Lo rhow thr- notcehed Lo unnotched ratio

for the .2% inch thick Be-3BA) alloy. The room Lempersture rotios of 1,012 in the

longitudinal direction and 1.006 in the transverse direction compare quite favorubly

to those obtained for 7075-T6 aluminum alloy of 1,190 and 1,142 for the same respeelive
Y

directions., At 6OOOF, the higher ratios of 1.3%9 and 1.306 in the longitudinal and

transverse directions respectively, indicates the meterial to be more tolerant of

notches at elevated temperatures.
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SPECIMEN | GRAIN MATERIAL TEST, NO. OF SPECIMEN
ITEm Test TYPE DIRECTION CONDITION TEMP-%F SPECIMENS IDENT.
L R.T. 3 st-1L, 21, -3t
] | 500 3. ~dly =3, -
1 TENSION 5-12 ; AS RECEIVED - NO SOAK ™ v 3 ST-IT, =21, -3
. 400 3 ST-41, -51, 61 . ]
o | R.T. 3 ST-7L, 8L, -9
L SOAK 100 HOURS AT 600% | go 3 e
R.T, 3 BC-1L, A, -3
AS RECEIVED « NO SOAK ’ '
2 |commession]| 513 L — 1 Aol ok b
SOAK 100 HOURS AT 800 | .o 3 TR
535 AS RECEIVED - NO SGAK | o 3 8.5, 2
: SHEAR oR 51 o | R 3 SR SAT 5T, 61
. sl =81, mHi,
5436 SOAK-100 HOURS AT 800°F | g9 3 §81.5-107, -11T, -120
BEARING AS RECEIVED - NO SOAK oo 3 g1, ih o
4 , 5-35 1 3
o/ 2.0 SOAK 100 HOURS AT 600°F | hat® ; e 10h, Rl
R.T. 3 AT, 51T, 2T, -9
) BEARING - . AS RECEIVED - NO SOAK | oo 3 aa: ot 51, -1
o/D + 1.5 - o | R 3 T.57, 3T,
SOAK 100 HOURS ATS0 ¥ | 40 a 6B1.5-10T, =111, ~121
N R.T. T 2 i
60 3 SET-4L, -5L, 6L
FRACTURE ; AS RECEIVED - NO SOAK |5y, T it e S
o [TOUGHNESS . 800 3 SFT-41, 5T, -6
AND : R.T. 3 7L, BL
CRACK H _ o | 600 a 8F1-10L, -11L, -12
RATE - SOAK 100 HOURS AT &00°F |—p+ 3 SFT-7T, BT, T
£00 3 #1-101, -1i1, 121
kT, 3 UF-IL, L, -
AS RECEIVED - NO SOAK Pi
’ 'F‘:IJ?UE i L SOAK 100 HOURS AT 400°F HE ; T 2
400 a SUF-10L, =1it, -12L
R.1. 3 NF-11, 2L, -3l
AS RECEIVED ~ NO SOAK R
e T | R
t SOAK 100 HO: &00°F o - “BLr <
00 HOURS AT e : SNF-TL, -8
AS RECEIVED - NO SOAK 2,1, a 65C-11, -21, -t
BARE *+ 3 1/2% MaCl 400 3 45C-41, -51, 67
. STRESS a7 . AS RECEIVED - NO SOAK KT 3 65C~71, <81, =0T
CORROSION ALODINE COAT * 3 1/2% NaCl 400 3 85C-101, -111, -121
AS RECEIVED- NO SOAK | K.T. 3 3SC-13T, 14T 1T
PAINT + 3 1/2% NeCl 400 3 65C-187, 17T, -18T _|
- L . SCR-1L, 2L, ~3L
10 CREEP §-7 : AS REGEIVED - NO SOAK 800 e
POISSON'S AS RECEIVED = NO SOAX :o; 3 ar-2L,AL,-Shest
1" 5-7 L e ey T
RATIO 3 k.1, 3 ePR-TOL, -1, o120
: 7 SOAK 100 HOURS AT 600°F | .00 3 6PR-7L, ZBL,-91
NOTCHED X 1 N 3 SMT-4L, -5, 60|
2| rension 5-49 - AS RECEIVED -+ NO SOAX | 600 - e T

NOTE: FIRST DIGIT OF SPECIMEN IDENTIFICATHON INDICATES THE FOLLOWING

TABLE 3.,4-2,

5 - SHEET NO, HC 161-3
& - SHEET NO, HC 180-1

3

k]
- ,f_;

TEST SUMMARY FOR .250 INCH THICK Be-38A% LOCKALLOY VMIATE, PARY TT
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Figure 3.'r.1.2=1 FPhotograph of Be-38A1 ,250 Inch
Thick Bend Specimens After Testing.
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3.4.2 Mechanical Propertics

M

3.4.2.1 Compression Tests -~ Compressive tesls were conducted sccording to standard

ASTM EQ-T0 practices, Compressive test specimens of the configuration shown on

RO TR Y R TR AR B YU
i

Page B-L of the Appendix were installed in a Lockheed designed compressive

fixture betwcen the platens of a 30,000 1b, Baldwin Mark B Universal Testing

RN gy e

Machine. A photograph of the general set-up is shown in Fig. 3.4,2.1-1 which was used

- for both room and elevated temperature testing.

The lockheed designed compressive fixture features full support along the

Yoo

LER

length of the-specimen to inhibit buckling when thin sheet is being tested. A

close-up view of the specimen installed in the fixture is shown in Fig. 3.4.2,1-2,

[RERTTS]

The fixture incorporates an internal extensometer that is compatible with the
Baldwin recorder. Strain is recorded over a two inch gage length which is contered
cn the specimen.

The specimens were loaded al a constant head travel rate that produced a strain
;~; of .005 inch per inch per minute through approximately ,020 inch strain on an auto-
graphic load-strain curve. A graphical determination was then made to obtain the
o compressive modﬁlus, compressive yield at .2 percent off-set, .,70+secant and .85
L secant modulii. The Ramberg-Osgood shape parameter, n, is then calculated and
reported in the data.

The compressive test resulis for the .25 inch thick Be-38AL alloy at room
temperature and 6OOOF, with and without sosk for 100 hours at 600°F in the longitudinal

dircetion are presented in Table 3.4,2,1-1.

- N IR Gk P .
Soaking for 100 hovrs at COO'F appears to have an insignificant eff'eel on Lhe

a5 receilved propertics ot either rouas or elevated Lempoerature,
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75-5405~3

Fig, 3.4.2.1-1 - Overall vicw of Test Machine, Furnace and
- Compression Fixture with Specimen Installed.

Plge 3e0.2.0=0 = Clege-up View of Cumpression Fiztore Shewling
fothoo off 2t onmpdng Speelnen, ]

D
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3 0,200 Klatwise Shear Tesls - The specimens utilizca for Lhe sheel gheae gtpength
evaluastlons were previously used Lo determine sheel bearing strenpgth,  The shear
punch in applied to the center of the apecimen between the bearing hole and the 1nad
applicualion hole in the opposite end of the specimen. A tested specimen of this
type 1s shown in Fig. 3.4.2.2-1,

The flatwise sheet shear strength at both room temperature und 600"F was
determined using a Lockheed deslgned punch and die subpress, The subpress has o
.500 1lnch diameter punch and die, and uses a clamp plate to keep the materlal flat
on the die platc during testing. A photograph of the subpreas with a bearing coupon
installed ready for testing is shown in Fig. 3.4.2.2-2,

The subpress is installed between the platens of the 30,000 1b,. Baldwin Mark B
Universal Testing Machine, as shown in 3.4.2.2-3, Shear ultimate strength was

determined by applying load o the punch of the shear fixture at s constant rate not

exceé&ing 5,000 pounds per minute untlil a load drop off occurred as indicated by the
dial pointer. |

The ultimate shear stress is determined by dividing the maximum load indicated
on the test machlne dial by the product of the sheel thickness times the circumference
of the .,500 inch diameter punch,

The flatwilse sﬁeet shear test results for .OUO thick bearing specimens machined
from .250 inch thick Be~38A1 alloy plate are presented in Table 3elt2,2=1. at room

temperature and at 6000F, with and without exposure to 600°F for 100 hours.
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Fig. 3.4,2,2~1 Typical View of Failed
Sheet Sheuar Specimen,
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Fig. 3'!‘*.2.2—2

Fig. 3.4.2.2-3

View of Sheet Shear Test Fixture With
Specimen Installed,
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.-

View Showing Shect Shear Fixture
Installed fn Furna—e in Test Machine.
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Page 3-57

3.0.2.3 Bearing Test: - Bearimg lLesbs were condneled ot Lhe Ryn Cang w fesh facility
iy Y )

of Lockheed., Tesl pirocedures used conformed Lo Lhe general requirements ot ADIM
238-68.

Bearing specimens of the configuration shown on pages B-C and B-7 of the
Appendix for an e/D = 2.0 and 1.5, respectively, were machined to an .00 inch
thickness from a .250 inch thick Be-3BAl alloy plate. Bearing tests were conducled
in a 60,000 1b., Baldwin Static Test Machine using a 600 pound full scale.load range
for maximum sensitivity. An overall set-up of the bearing test system is shown in

Figure 3.4-1. A close~up view of the bearing deformation measurement system is rhown

in Figure 3.4-2 where the deflectometer measurement arm rests on the specimen above
P

the bearing pin. A check of the loading system deflection at loads to 700 lb. showed

it to be negligible,

Deflectoneter measurements were made using a 4 . 'ch deflectometer patterned

it

after the 0.S. Pelers Co. PDI M-111 model dellectometer. (Reference Figure 3.4-2).

T A scale factor of .005 inch per inch of chart{ paper #as found to be adequate,

i

\ B Autographic load versus deflection curves were continuously recorded during the test
- on the Baldwin x-y plotier.

I Elevated temperature tests were conducted by adding a resistance furnacc with a
- thermal conbroller to the test system. The furnace enclosed the specimen and test
l-; Pixtures. Temperature was monitored by a thermceouple altached to the specimen. A

- . . . .
e temperature stabilization time of 1> minule: wus allowed after .- specimen reazhed
= o . .. , : . . .
o 600 ¥ 2°F prior to testing., Bearing yield and ultimale were dcitermined using the
T standard procedures in ASTM E2 3d-Gtx,
: X OUGtandael Methoa Por Pin-Type Rearins Tostd of Meballi: Materinla " AGTH B -
B 1974 Amnun . Yooy o AGTM Shapdarde, farl 5.
s
J oo
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The rosnl L o Lhe bearving fesls ol Lhe LOWO ineh Lhick bearige cpecime

R ol

wachined Crom a 2090 ineh Lhiiek Be=38A1 alloy plale, Lested in Lhe Lininocyerse

) . . N §) .
Jdirection al room Lemperature and 600 R, with and withoutl exposure to LOOTF lor

1000 bours are prescnted in Table 3031,

Eerd el

RN

RO
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3. 0.2 Fracturc Toughnegs Test - Froacture Lonphnens tesls woere eonducted al Lhe
f

= Lockheed Rye Canyon Facilily using duplicate compact tension specimens off the
gt%wv configuration shown on page B-10 of the Appendix according to the requircments of
f-;- ASTM E399-72. The specimens were preeracked by fatiguce eycling in a closed luop

Electrohydraulic MIS Test Machince in room temperature laboratory air at a range ratio

. 2
] (R = ﬁﬁlg ) of 0.1. Crack length mcasurements were made of both gides of tho
MAX

specimen using diameirically opposite traversing tool maker's microscopes accurate to
.001 inch, A typical set-up for room temperature testing is shown in Figure 3.4.2.4-1.

A cloge~up view of the compact tension specimen installed in the grips with the tlool

maker's microscope is shown in Figure 3.14.2.4-2. The precrack loads were sclected

in accordance with the requirements of ASTM E399-72. Final precrack length was

.j?'. approximately 0.5 inch.
’“};r Room temperature fracture tests were conducted in accordance with ASTM FK399-72.
zig Fracture tests at 6OOOF were conducted by attaching a thermocouple to the speecimen;
5: installing it in the MTS Closed loop Flectrohydra:.lic Test Machine, and lowering a
7? resistance furnace which enclosed the specimen and grips. Specimen temperature
_& was stabilized at 600° + 30F for 1% minutes prior to test. Temperature control was
g maintained by use of an automatic thermal control with contimuous monitoring on a
 :Ef”_- Brown Recorder. The test wus then conducted as per ASTM E329-72 with the cxoeption
T ) that the crosshead motion was recorded rathcr than crack opening displaccment (COD)

. o . . - -
since no 600 F compliance gage was availabie. All analysrs vere then conduceed oo

per ASTM E3G99-72.

In all cases the ratio of Pp/P vag {ound to be proatsr thoan Lhe a- nlod
MAX : :

1imi®t of 1.,i. This implies tha!’ the Tailares were not valid plane stroain

o R AR TR i'i
1

ard that sustantial rlasiic ficw ol she orocy Jip ooered HEANESVAE T £

]
.

"

Sypaecupe o this thickness and spesimen siue . Ao woressut, Lhe ALy e EQ v

+ . + at L 2y . ~ R o I o oo . . SN . Loass, T 0, o s o
aprc nob triLlcative of pluin shradpn frachars el Lo U Tt ittel e e e e e
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Page 3~03

since the fallures oceurred primarily due Lo net seetion yield in Lthe specimen,
Thus, the onset of yielding Callure 1lmits the capacity of the specimen confipuration
to hold load, thus putting an apparent upper limit on the X the speeimen is valid for.

For such test results, a relative measurc of the crack resistance of the
material can be computed as per ASTM E399-72., This term calied the residual strength
parameter, RSC, ls defined by the equsation:
2PMAX (ow + a)

RSC =

B(w—a)2 Fty

where, PMAX Maximum Tension Load at Fallure ~ 1lb,
w = Specimen Width = (1.00 inch)
a = Crack Length = (.500 inch)

B

]

Specimen Thickness - inch.

Fty = Material Yield Stress - PSI

A relative fracture value which is a ratio of the net section stress in
the specimen at failure to the material yileld stress is thus provided.

The computed values [lor RSC are presented in Table 3.4,2,h-1 for room
temperature results and in Table 3.4.2.4-2 for tests at 600°F. The measured overall
average value at room temperature of 1.394 for Lockalloy would indicate subsiantial
crack tolerance. To provide a relative comparison tc mure common raterials,
samples of 202h-T3 aluminws alloy of ldentical size and thieckness were fabricated
and tested, the results awe presented in Table 3.4,2.0ai,  The averas- residual
strength parameter of 3.34%0 for alwsimao. alicy is espentialiy equivali-nt Lo the 1,304
value for Tockadley, Lhus fnileablngs compurable orack Sosorans in e oo Inith

thiwne oo,

g
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+  To provide a relalive comparison of Be-38A1 Lockalloy extruded material to
gsheet and plate material, dupllcate specimens of extruded naterinl (used in ventral
fin trailing edge), identical in size and thickness, were machined, in both the "L"
- and "T" directions, and tested. The resulis are presented in Table 3.4,2,ha1,

The average value of R__ = 1.820 for the extruded material in the longitudinal

EE RIS FRL e

direction indicates a much better erack tolerance than gheet or plate material,

However, the one Rsc value of .897 (although invalid per ASTM E399-72) obtained in

the transverse direction implies the materigl may have poorer fracture toughness

1. .‘i".i N

T than exhibited by sheet or plate.
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TS Paddgue Criok Growlh Tepls - Pollpue Crack Propagation 1enls were conduc Led

-
-
.
|
.

at the Tockheed Rye Conyon Waeildly using one (1) 2%-1ineh thick compart Lension
specimen  of the confipuration shown on Page B-10 of Lhe Append iz wecording Lo Lhe

- requirements of ADIM RF3ug-(2,

i
]
-
o
-

) All specimens were tested in o 100,000 1bh. electro-hydraulic MG closed loop

Lest machine in laboralory air, ait R = 0.1, and at a frequency of 0 Mz, An over—

;Zi all-arrangement of the test setup for elevuted temperature testing is shown in
= Figure 3.4.2.5-1, The same arrangement is used for room temperature lests wilh the

exception that the furnice is raised up oul of the way. Tests we. . conducted under

constant load cycling conditions wilh the first 0.020 inch of eruack arowlh eliminated

from the analysis to avoid eficcts of the machined sturier noteh., “Crack lengtl

measurements were made of both sides ol the specimen using diamet rically opponite

traversing tool marker': microscopes accurate to 0.001 inch.

Elevated temperalure tests were conducted by lowering a resistance furnace
enclosing the test specimen. Temperature was controlled by 4 thermal controller
using a thermocouple atiached to the test specimen., Optical eruck lengih measure-

ments were again made through quartz view ports on both sides of the furnace. A

- close-up photograph of the setup is shown in Fipure 3.4.2.5-2,

Data reduction was accomplished using the incremental £lope melhod where;

SCON T L e
dN AN T

A Lockheed developed computer progeam, "Compn  Tension Trosrsm", war used to ro-

duce the datx, provide a computer tobulatica off Lhe dotn ar presentaed in Tatoen

3..2.5-1 through 3.14.2.‘}-'], and print a graphical presentation of 1.4 da/dl versus

Lo AK (noted an DREIK on plot) a presented iu Figuras .00,

SRR [ER T Vie R UL I

The aliernating stress inteneidy factor, BK - ooy wWorr cdetoprine
' ¢ : Baoae Mo '

uring the expression® for the comes o dension Syecinen
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Hote Lhal a1 newer fomn for the stress intensily Pactor han reccenlly been proposed?,
bul l'or the mnge of erack lengths covered in ihis sludy (0.3 = ::/w % 0.65), the
differcence is less Lhan 1 percent betlween the two expressions as shown in Flpgure
302093,

To provide a basis of comparison between the fatimue crack growth data for
Lockalloy and other structural materials, fatigue crack propagation cata for Ti-
6A1-WV, 7075 and 2024 aluminum alloys were taken from the Damage Tolerance Handbook
for range ratios of O to .1, room temperature in laboratory air, and frequencies of
from 2 to 20 Hz. The data is presented in terms of nomalized alternating stress
intensity obtained by dividing the stress intencity by the material density. This
provides a parameter which allows a comparison of the resulis for structural condi-
tions involving a common crack size and operating structural efficiency (strength
divided by density).

When the results of the current Lockalloy tests are compured on thic barcis as
shown in Figure 3.4.2.5-lL, the crack growth rates are shown Lo Lo slower or equi-
vaient to those obtainable from either the aluminum or the titaniwnm materials,

For example: For an assumed through ecrack size 0.2 inch long with center of
a wide panel operating at a structural efficiency (strength to density ratio} of
200,000 inches, the crack growth rate in Lockalloy would be approximotely 3 x 10-6
inches per cycle as compared to a typieal prowth rate in titanium or aluminum of
approximately 7 % 10-5 inches per cyecle. Thus, tor the oame nize defect or ornew
in structural components made of various materinls cpernling at equivalent clrme-

turnl etfficiencies (strengih Lo denzity ratic), Tockslloy will aloplay o lower or

J
squival ool crmek growth rate Lhen cither the dit-niue e s Tuntoom 1oy,
F VAL cerl of 0 Tondadioe anierd Metbed o Tood e Bad e Sy el Sy, B
et W epial s AT B S O 6 I AT T T S AL




i
—_—

3
-
s
tw
- -t
iy Sy

v ;.‘r_:‘:'..; By dactos
(meik:

oo

oy




Page 3-7T0

8°0

£°0

vos TLrAWO) J03oRI f1TTULLUL S393%8 - -G ¢ n ¢ aanitd

n/o
?°0 ¢'0 LAKY €0

| | i I |
\.
WISV d3sOdOdd = T
66€3 = i
,”."_.. IR 1 IR T P A _.“._ 1, .1 ...,.‘:...- t o LTEN 3 erite P b e

<+
t

o~
[}

~+

0l

"IDNIYIA41Q IN3IDHId

ZA
A b

ool X



Al

HEGR U TR I

10

107°F

Puge 3-T1

4

7075-T6)
1073}
MEASURED
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' . DATA FOR

- 4 —— % —AND

| REF: 1. ALUMINUM AND TI DATA - DAMAGE TOLERANCE HANDBOOK

TYPICAL
Ti-6Ad -4V
(ANNEALED)
BAND

TYRICAL
Al DATA
(2024-13

LOCKALLOY

2. LOCKALLOY TEST DATA - ABP
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1 [y v N S W £ { el 1 B 113 {‘
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FIGURE 3.,4,2.5«L4, CRACK GROWTH RATE CHARACTERISTICS
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3.0.2.6 PFatlgue Bndurance Tosts - Fatipne endurance Umil tests were conducted

al the lockheed Ryc Canyon Teat Fecility,

Fatiguc tests were conducted in a 10,000 1lb, Lockheed designed constant
amplitude resonant fatigue machine as ghown in Flg. 3.4.2.6-1 at frequencies of
from 1800 to 23OOrCEM,__Both.KT_= 1 and KT = 3 fatigue specimens of the configuration
shown on pages B~5 and B-13 of the Appendix were tested in the longituﬁinal
direction at room temperature and 600°F, with and without exposure to 600°F for
100 hours...A close-up photograph of an installed specimen ready for testing at room
temperature is shown-in-Fig..3.4.2.6-2. Load cell size was selected based on—tire
maximum. load of the tests to assure maximum load accuracy during the tests. All
tests were conducted at a range ratio, R = 0,1 until failure or until 107 cycles
were reached at which time tﬁe test was terminated. Cycle count was monitored by
measuring the test frequency of the loading beam with a Frahm Tachometer and

multiplying the éynles per minute by the test time as recorded on a real time

totalizer (accurate to 0.1 minute) attached to the test machine, ILoads were

monitored by an electronic digital fatigue load monitor attached to the load cell
located in line with the test specimens., The instrumentation control panel for
monitoring four resonant fatigue machines simultaneously is shown in Fig. 3.:4.2,6-3,

Elevated.- temperature control was maintained by use of radiant heat furnaces

k.

A il

placad around the specimen and grips of the macﬂine 88 shown iﬁ Fig. 3.4.2.6-h,
Specimens were-hesated to 600°F and stabilized for 15 minutes prior to testing. A
thermocouple attached to the specimen and a thermal temperature control maintained
the temperature at 600 * 30F during the test, A rccord of temperature was made on
& 12 chennel Brown recorder,

The endurance limlt test results tor K = 1 apecimens are presented in Table
3.4,2,6-1 and the Kp = 3 spe-:imens are presented in Table 3.4.2.0-2. Based on thess

results the endurance Limit for KT = 1 specimens at room Lemperatare, witl or
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Page 337
without cxposure to GOOYF for 100 hours iz 30 KSI and atrﬁbOOF, with =r without
cxposure Lo 600" Tor 100 hours, is 1Y KST. For KT = 3 specimens the endurance
limits for room -temperature and 600°F, with or without exposure to GOO°F for 100

hours are 15 KSI and 10 KSI, respectively,
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Fig. 3.0k.2.G-3 -~ Instruscnlation Conlrol Pancl [for Monitoring
Four Rescaanl Faliipue Machinces.
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30,27 Stress Corroslon Tepls ~ Stress corrvcion tesls were conducled al Lhn

Rye Conyon test facility of Lockheed utilizing the Satec Creep RKupture Test
Machines shown in Figure 3.4.2.7-1.

Specimens of the configuration shown on page B-g of the Appendix were muachined
from the .250.inch thick Be~38Al1 alloy plate in the transverse direction., Triplicate
specimens for both room and 6OOOF tcéting were coated with 3.5 percent salt solution
and allowed to dry over cach of the following coatings.

1) As received. ..o

2) Chemical conversion'coatingmLAlQﬂine_1200)

3) ADP developed high temperature aluminized paint

The room temperature specimens were to be desd weight loaded in the Satec Creep
Machines so as to produce a 35 K81 stress on the net section and for the 6OOOF tests
utilize a stress level so as to not fail b& creep before 100 hours of loading.
Exposure times of 10,750, and 100 hours were used prior to unloading and examiring
the specimens for evidence of cracking.

For the elevated temperature tests, a thermocouple was attached to the specimen
and a Satec Resistance Furnace placed over the specimen. Specimen temperature was
stabilized at 6000? and the test load applied, Temperature was maintalned at 600°
+ 3OF throughout the test duration by a Barber Coleman Capacitrol #'r'f Temperature
Control. A continuous record of the temperature was made on a 2L channel Barber

Coleman Recorder as shown in Figure 3.,4.2.7-2,

The stress corrosion test resulis are presented in Table 3.h.207-1. Although
none of the specimens faile& by stress corrosion cracking, spccimen numbers GSC-2T,
65C-137T, and 6SC~14T failed during testing and so were submitted for eleciron micro-

scope Tractopraphic studies to determine cause of failure.

[ES ST T
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Fig. 3.h.2.7-1 - Satec Creep Rupture Tcst Machines Used for
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Pape 3=0f,
Three Poiled sbeessecorrosion {(G00) specimens el one Lenside Lesl gpeeimen
vore submilled for clectron micraseope Fewclographie studlen,  These specimens
vere machined U'rom Tockalloy, Be=30A), 0,24 ineh Lhick, sheel No, HG 160-1,  Yhe

samplog were identificd as shown below:

Ty po Tost Time 1o ' Apparent.

Spccimen of Stress Failure location of

No, Test KSI Hrz. Coaling Foilure Gripgin
LSC-27 SCC h3. 23.4 Bare At a depression on the
B ' corner ol the coupon
6S0-13T scc h3.Lt .0 Paint - At center of coupon
6GSC-1hT 3CC L3,y 9.1 Yaint At centor of coupon
Tensile Specimen Ultimate Yield Flong.
3NAS 706-1-37 ho, KSI 33.2 KSI 13%

Two-stage plastic/carbon replicus were made of the fracture origin repions

(Arca 1) and of a region away from the fracture oripin (Area 2). Examination of

Lhesc replicas showed thal all of the specimenc exhibited a similar fracture pattern,

i.e., the fracture features on the stress-corrosion specimens were similar to those
on the tensilc coupon. The fractures did not appeur to be characleristic for siress
corrosion failurcs. ‘'thus, it appcared that the failures in the submilted stroess

corrogion gpecimens were caused by overload; or they possibly moy have been caused

by crcep mechanisme, in view ol the high appiiced load (preater than the yicld siress)

and the delayed nature o Lhe Fadlure.  Pigures 3.0.2070-3 Ahrourh 3.0,2.70-0 show Lhe

Tractupcoaphs,
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P (5% 1IN

76-500L-10
76-500&-9

Rye 8Lg

Area 1

76-5004-11

Rye 851

Area

- Blectron microscope fructopraphs of Lockalloy test speci-
men 65C-18T which failed durine a stross-corrosion tost.

Aven Townn the Cracture origin remion, nnd Area ! wan
from the fraclure origin.  The malerinl wan Tookalloy
Be-384AL, 0.29" Lhick, sheet HC 160-1, Mag, 500X

nviny

Rye 848
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Two Tockalloy speeimena (Be-38%4A1, 0.25% ineh thiek, cheet HC 160-1) were sube
mitt-d Lo the Rye Canyon Materisls Leboratcry for a scven day (168 hours) salt spray
test.  These speeimens had been previougly exposed Lo streas-corrosion Lests without

failing., These specimens were identified as shown below:

Test Test
Specimen Load Time
Mumber KSI Hrs. Coating Obscrvations
6SC-3T 37.5 114.3 . Bare No failure

68C-5T 43,7 12i.9 Bare No failure

The specimens were examinéd visually under a binocular microscope, at mag-
nifications of 10 to UC diameters prior to the salt spray exposure. The 6SC-3T
spccimen appearced to relatively clean and free of surface corrosion, However,
specimen 6SC-5T showed a line of small pits along one side, in the reduced area,
and there were a few scatiered corrosion pits on the surfaces.

The specimens were placea in the salt spray chamber, and they were examined
daily, excepl Saturday and Sunday. At the end of 4O hours exposure, both specimens

showed a considerable amount of corrosion products ovn their surfaces. The samples

-~were removed from the salt spray chamber and photographed (Figure 3.4.2.7-7). The

specimens were then returned io the salt spray chamber for the remaining exposure
time., At the end of the exposure period the specimens were removed from the chamber
and photographed (Figurc 3.4.,2,7-8). The specimens were then rinsed wi'h distilled
water and 1ightly swabbed o remove the salt dcposits and the loosely adherent
corrosion products. Pigure 3.4.2.7-9 is a photograph of the spceimens after this

cleaning operation. As shown in these photographs a considéerable quantily of

corrosgion products formed on the surfaces of the samples, and there was an appreciable

amount of stalning und genceral corrosion eof the surfaces.

O P S
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Fig. 3.h.2.7-7 -
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Photograph showing the extent of corrosion on Lockalloy
(Be-38%AL, 0.‘125" thick, sheet JC 160-1) specimens
(68C-3T and GSC-5T) after B0 hours of exposure to salt
SPray.
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23R

Rye 134 3

Fig. 3.4.2.7-9 - Photograph showing the extent of corrosion on Lockalloy
(Be-38%A1, 0.25" thick, shect HC 160-1) specimen
(68C-3T and 6SC-5T) after LG8 hours (7 days) of expo-
sure to salt spray. Samples were rinsed with distilled
water and lichily swubbed to remove the looscly adherent
salt deposits and corrosion products.
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- Pyo painted Tockalloy apecimens (BQ-SB%AL, 0,25 inelh Lhlek, sheel Ho 10.0-1)
- were submitbed to the Rye Canyon Materials Laboralory for u scven day (168 hour:)

- sall spray Lest, AnXﬂmmmdscmudlwm:WMCiuimeLmh&iﬂhnonbnﬂnmmdmmm

- using o sharp poinled steel seribe, Most of the seralehes were approximately 0,017
T wide; however, one of the scratches was ppproximately 0.03" wide. . The specimens were
oo examined visually under a binocular microscope ab magnifications of 10 to L0 diamcters

T prior to the sall spray exposure. There was slicht chipping or flaking of the paint
at the center of "X". Except for this arca, the adhcrence of the paint film appearzd
to be good. The appearance of the specimens prior to the salt spray exposure is
- " shown in Figure 3.4%.2.7-10.

The specimens were placed in the salt spray chamber, and they wore examined
periodically during the test. The salt spray test was conducted in accordancc with

the American Society for Tesling Materials Standard BLl7 (5 + 1 parts by weight of

]

sodium chloride in 99 parts of distillcd water). At the cnd of the seven day cxposure
- period, the specimens were removed from the chamber; and they were rinsed with dis-
tilled water and lightly swabbed to remove the sall deposits, A photograph of the
specimens after the sallt spray test appears in Figure 3.k.2.7-11. As shown in this
photograph, very little corrosion oceurred on ihese spccimens. Examination of the
specimens under a binoccular microscope showed only & very few, small, isolated arcas
ol corrosion prodacts on the scralched surfacc, The condition of the spreimens at the
‘center of the X-shaped scratches is illustrated in Fipure 3.0,2.7-12.  As shown by

ion 1o the frookalloy bam

+thege pholographs, the paint syslem provided jood proleet

solal.
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76-5003-2

Fig. 3.4.2.7-10 - Photograph showing the two painted Tockalloy (Be-384A1,
° 0.25" thick, sheet I 160-1) specimens before salt

spray exposure.
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A .24 ineh thick Be-38A1 Alloy specimen shown in Figure 3.0,7.0=14 wan pointed
with ADY developed hipgh Lemperature poind leaving once cnd unprobe elod qand Blicn sube-
mitted to a 3.9% salt spray test for W30 hours,

The appcarance of corrosive products on the protected paint surfuce illustrat.ed
dramatically the excellent protection provided by this paini spray.

Since titaniwm screws are used in joint assemb. ies of Be-38A1 Tockalloy, a
protective barrier must be provided if galvanic corrosion is to be aveided., A
simulated joint of .25 inch.Be=3BA1 alloy protected with ADP developed high temperaiure
‘paint and bolted with a fitanium screw was compared to an identical unprotected joint
after being immersed in a 3.5% salt solution for approximately 2-1/3 months, as shown
in Pigure 3.4.7.2-14. The unprotected specimen shown on the lefi{ has been considerably
attacked by corrosive products in contrast to the clean unaffected paint protecied

specimen on the right.
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soray test for NG30 hours
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Prygre:

2-13 - Photograph of Be-38A1 alloy specimen exposed to salt
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3028 Creep Sirength Tegts - Creep strenslh Lests were conducted al Lhe Rty

Canyon test facllity of Jockhced in acrordance wilh ASTM KL39-700 utilizing Lhe
Salee Croeep Testing Machines shown in Figure 3.h.2,7-1, Triplicate specimens o)
the configuration shown on page R-2 of the Appendix were machined from 250 inch
thick Rec-38A1 alloy in both the longitudinal and transversze direc%ions.

All specimens were first measured, and mounting clamps for e two inch gage
length Satec Model 9234-K Remote Extensometer were attached using s two inch spacing
block, with the extensometer attached, the specimen was placed into a 6,000 1b,
Satec Creep Rupture Test Machine under zero load. The extensometer was then zeroed

and the appropriate scale setting chosen to give a full scale deflection rcading on

a 12 channel Barber Coleman Time Base Recorder. Full scale corresponded to 10

inches on the recorder. A thermocouple was then sttached to the specimen and the
Satec Resistance Furnace, as shown in Figure 3.4.2.7-1, was placed over the speci-
men,  Specimen temperature was increased to 600°F for 15 minutes and the test load
then applied. Temperature was maintained at 600° + 30F throughout the test duration
by a Barber Coleman Capacitol #ary Temperature Control., A continuous record of the
temperature was on a 24 channel Barber Coleman Recorder. Strain data as a function
of time was read directly from the 12 channel Barber (oleman Recorder asrshown in
Figure 3.4,2.7-2,

A dead-veipght load was aepplied at 600°F so a3 %0 produce a stress level in botih

the longitudinal and transverse directions of the specimens as follows:

Specimen Stress
I.D, KS1
OCR-1T, 1T, AN
OCR-3T, 2L AN

GCR=-21, 31,
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A plot of CrecpeRupbure curves at G0GF in the longitudinal and tranasveras

dircetions are presented in Figoe 3.0.2,8-1 and Figure 3.0,0,8-2, voapeelive iy,
: . . O ) . .
- A plol of Creep carves al voarious Loload defoemelions ol hUU)D']JllJU..UHUfiLHdl-

nal and troansverse directions are presented in Ploure 3.4,2.8-3 ond Fiyare 3000, -0,
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3.0.2.9 Poisson's Ratio Tests - Polzson's Ratio Tests were conducted al room

0 . . o "
temperature wed GOOF, wilh and without cxposure Lo UOOOF for 100 hours and in

the longitudina! direclion, uvtilizing specimens conforming to the configuration

shown on Page B-2 of the Appendix,
- On the room Lemperature test specimens, BLH Paper Back Strain Gugesn were in-

stalled using SR-" Cement. Four separate strain gages were used on cuch specimen -

2 axial back-to-back and 2 trunsverse back-to-back. Another specimen having four
ol the sume type paper gages used to provide the malching dummy gages required Lo

completc the one-halfl bridge installation for each gage on the test specimen.

: : . - O . . .
cZ Yor the specimens tested sl COO'F, four high temperature sirain gages were in-

stalled on each specimen as on the room temperature test specimens. M-Bond 60O

- . . s . - @ .
= adhegive was used for the gase installation and heated to 225 F under clamving pres-

sure for initial game cure. A 3-wire system was silver-scldered to each gage, and

I T
C

thé one-half bridge was completed for each gage by use of a similar specimen having
like strain gages. Prior to load testing at 6OOOF, each specimen was heated 1o
600°F and cooled o roum tomperature for curing the strain gage installations,

The [irst specimen to be tesied was installed into a test siriwcture utilized
for fatigue test similar to the one shown in Figure”3.h.2.6-l. The four strain
sages were read on one strain indicator throngh a switch box. Because of the rela-
tively small strain outputs from the Poisson Guges (firansverse), it was felt that
the switeh box system should nol be used due Lo the possibility of switching truen-
siconti. Also, alignment ol Lhie grips could cause bending of the opecimen since
bolh upper and lower grips were rigidly mounted.

A new lest slruclure was fabriested wheye specimen bending woao mindwized by
wie ol universal Jdoints ol both ends of Lhe lowding sirmceiture.  The speclivrn W
oricnted vertically in Lhe streclure.  Loads were applicd Ly o byarsulle Gock

g pimp upplyite e hydrendie presoure. A lend colloond jreidendor cycton
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Wi used to monitor the loadings, For clovated temperature tests, heal was supplied
by a heat pgun, placed into a small insulated "Maronite" box installed around the
rpecimen and grips as shown in Figure 3.4.2.9-1. A thérmocouple tied to the speci-
men was used to monitor the temperature at 600° 10°F. Four strain indicators
were used-to read the strain gage outputs. A photograph showing the entire test
arrangement is shown in Figure 3.4.2.9-2,

The specimen was installed in both grips, fitting freely in both grips with-
the pins installed. The lower grip was connected with a rod through the lower side
of the oven to & U;joint. One pin of the U-joint was removed 1o prevent any load
on the specimen. This position was called Zero load. A stop was installed to pre-
vent the hydraulic actuator from drifting down when the specimen was at Zero Load.

This Zero Load reading at room temperature and at 600°F for the elevated tempera-

. ture tests was that reading {'rom which all the data was referenced for any particu-

lar specimen test.
For the room temperature tests, four loading runs were accomplished and strain
readings obtained for each gage as follows:
Run No. 1 0 to 500 lbs. in 100 1lb, increments
Run No. 2 O to 1000 lbs. in 200 1lb. increments
Run No. 3 O to 3500 1lbs. in 500 1b. increments
Run No. & O to 5000 lbs. in 500 lb. increments
(or highest load possible at reasonable stabilization).
For clevated tests at GOOOF, three loading runs were made and strain recadings
ohlained for cach gage os follows:
Run No. 1 0 to 500 1lbs, in 100 1b, incrementeo
Run Ho. o 0 1o 500 1ha, in 500 lb, incremenis
Run Heo 3 0 Lo 3000 lbz, in 500 1b. increments

(("r‘ Bisteat Toad poonll e o o conab] o :.:tflhj.]i.;'.'t{,j(:n).
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NOTRE: The Poizson (gages werce read only Lo Lhe: 1000 Lb. loadingg al yoom Lemperslare

. . . O

and the 500 1lb, loading at 600 I,
The two axinl strain gage readings were averaged as were the iwo Poisson Gugte
The average Poisson reading was corrected for the transverse

strain readings.

effect by the equation:

[2-( 285) (k)] [Bv-x, ?{]

ey
Where

ey = Corrected Poisson Strain

=
f

Strain Gage Transverse Sensitivity Coefficient in Decimal Fo:m

. Average Poisson Strain before Correction

)
o«

Qx = Average Axial Strain

The axial resdings were not corrected because of the small Poisson strain outputs
which werc negligible in effect on the axial gages.

The results of the Poisson Ratio Tests for the .20 inch thick Be-38A1 alloy
are tabulated in Table 3.4,2.9-1 and were obtained from the graphical presentations
shown in Figures 3.4.2.9-1a and -1b through 3.4.2.9-9a and -9b.

An added benefit from the Poisson Ratio Tests was the ability to chiain modulus
of elastizity values from the axial strain gages as contbrasied to the conventional

method of using extensometers. These results arc shown in Table 3.h4.2.32-1. Ccm-
paring the values obtained with the strain gage read-ouls to those obtained with

extensometers, o smaller range is realized for the strain gaged values particularly

at GOO°F us shown below:

Modulus of Blasticity - pei o 10-6
Room (007
Gtradn Goore 2805 Min., - 31.0 Mo, JFUE Min. - o0l Max.
I topoom-tor S50 Min., - 3000 Meel e Mainn. - 50077 el

B
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75-5354-8

Fisg. 3.4.72.9-2 - A Photograph ol Tnsulated "Maronite”
Box Inoctaliod saround Gueed Tolioon
‘s’ Ratio Specimen for Elevated Temper:-
T Q}Q’ ture Testing
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3.5 PRSTING OF L1050 INCIL THICK Be-38AL SHERT
Characterization Lests on Lestl specimens prepured Crom ,100-inch thiek B~ 3841

gheet were performed to test the forming characteristics, the lap shear joint
strength, and the mechapical properties of this material, These tosts were cspeelally
significant because Be-38AL of the same thickness was used cxtensively in the
fabrication of the ventral fin. The results of these Lests are needed for com-
parison with the results of similar tests performed on .250-inch thick Be-38A1

and Be-U3Al plate. These tests arc summarized in Table 3,5=1 and described in
succeeding paragraphs, Figures 3.5-1 through 3.5-12 arc presented lo graphically

illustrate the quantily of lest specimens that were involved in these tests.




[
SPECIMEN | GRAIM MATERIAL T e vy SR
wem | Test TYFE DIRECTION CONDINON 1EMP, coUpONs | STECIMIN (DU
. : S T RS
: ) ] I v
i . AS RECEIVED-NO SOAK o 1 o
- i TENSION 5-12 400 3 M-41, -5, -8l ]
- . :&. , 3 - 7, 8L, 9L
g [ ] s0AK 3 =101, -11L, -12L
" SOAK 100 KOURS AT 600°F XN 3 I, T
I 500 3 at-io1, -n1, <12
. 5 R.I. 3 3C-11, -2, -3t
. 400 3 IC- 4y 5L, -6L
- AS RECEHIVED-NO R .. LI S
- . SOAR R0, 3 ETaay e 1]
R 2 COMPRESSION 513 400 3 C-41, 31, 61
: N N3, ] 3C-7L, 8L, L
< | b conk 100 HOURS AT s00° 400 3 ac-10L, -1, 12
. ' SATSO0F 3 371, i, 0T
| — 500 3 3¢-101, -1iT, 121
5-35 " g1, 81.5-11, -2, -3t
- k] SHEAR 5“"35" ST AS RECEIVED-NO SOAK 6'58 3 1.5-31, -1, -3T
z ) 'K 382.0-91, 3B1.5-BL, -7
- SOAK 113HOURS AT 800°F | 63 H 2.0-%. W Sw
- L ET. 3 WL, 3, N
¥ AS RECEIVED-NO SOAK 800 3 n2-4L, -5, 8L
= T R.T. 3 WL, A, 3t |
- . BEARING $-35 60 3 L P L P I
i /0 =2.0 i R.1. 3 an2-7L, -8, -7l
e SOAK 113 HOURS AT LOFPF 400 3 382101, -11L, -m
z 1 T, 3 27T, 8, -
- 400 3 J2-101, -m, -m
o L R.1. k] IB.5-1L, <24, 3L
| L | A rECEVED-MOSOAK 800 3 38173410 -5, -8t
SN t [ 3 am 511, 21, -3
L 5 BEARING 5-38 500 3 W1, 5-4], -5T; 4T
- i L :c:) 3 37,571, -8, -0
- AK 11 3 IWiLs10L, -l -12L
- " SOAK 113 HOURS AT 80C°F T 3 o
P 500 3 I81,8-101, -0T, -1
z L EI. 3 IFTIL, ~2L, oL
FRACTURE AS RECEIVED-NO SOAK | 400 _ k] 3?]__&;;—"'-.4;‘1"_———
TOUGHNESS T [N ) I, 2, -3
- é AND S-48 400 3 IF1- a, -5T, =61
— CRACK GROWTH . - - - v 1. 3 JFT-7L, -BL, 7L
= hate SOAX 100 HOURS AT 600°F 2 : =10l 1L I
- ale - . "
: ! & 2 IFL-10T, MY, =121 ]
L T, ] F-iL, AL, -8
AS RECEIVED-NO SOAK 60 3 sur-ﬂ,;%,_;%___‘
t I, 3 SUF-iT, A, -
7 FMI?U! 400 k] JYE-41, -5, -87
K= 5-2¢ N I, 3 T0FTL, AL, |
SOAK 164 HOURS AT 800°F 600 3 JUF-1oL, 111, -12L
1 [P 3 k7L, -8t =71 P
500 3 JUE-101, V1T, 1Y
i
A

'age 3= 1ho

by AL 1,
i VOO QUALILY

TABLI s GHMMARY YOR L P50 THECH PHLCE Be- 3880 LOCHA P Dl

':ol_""-l .
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o POOR @
SPECIMEN | oraId | WTEKIAL ST i OF | I ]
L LS AL Pl O
tem | 1St IYPE DIRECTION CONDIION e, 2 SPECIMEHS SPECIMLH SOINT,
L R.T. ) JMF-1L, -21, -3
AS RECLIVED-NO SOAK 0 3 -4, 5L, 6L
T .1, 3 THE-TT, -71, -t
_ 00 3 INF-41, =51, -61
8 rangut =51 L .1, 3 INF7L, 8L, 01
o 500 3 INE-IOL, <111, -2t
- SOAK 164 HOURS AT $00°F o 3 LT T
| 0., - Piied
AEeesTosoR T i 1 Jsc-11, 2, -R
BARE - 3 1/2°5 NeCl 500 3 FH i
AS RECEIVED-NO SOAK R.T. 3 3S5C-71, -81, -91
9 STRESS 5-47 1 ALODINE COAT* 3 1/2%0ac1| 600 3 I5C-10T, -111, 171
CORROSION AY RECEIVED-NO SOAK X1, 3 3SC-138, W4T, ~151
PAINT # 3 172%; NaCl 00 3 3sc-161, -177, -181
. L AS RECEIVED-NO $OAX 500 3 ICR-IL, -2, -3
10 CREEP $-7 T 3 ¥zl -,
AS RECEIVED-NO SOAK I 3 -, A, -
400 3 aPR-aL, -5, -6l
" ’?SSONIS 7 L SOAK 100 HOURS AT 800°F LI, 3 ex-71, 8L, -9L
RATIC 400 3 am-loL, -k, |
12 NCICHED [} A5 RECEIVED-NG SOAK R.I. 3 aNt-1L, -2, =N R
TENSION 1 400 3 INT-11, -3, -37
A RS RECEIVED-NO SOAE %0, 3 3131514, 18; -2A, 28,3k, -38.
f FLUSH SCZEW. 4 161N, DIA, |  s00 3 513.15-4A, 4B, -5A, 58; ~6a, 8.
N vy ] AS RECEIVED-NE. SOAK rT, 3 EI4.15-1A,78; -2A, %6; -3A, 3.
FLUSH SCREW-174 |N, DiA. 800 3 634.15-dn, 4B; -5A, 586, 68,
S-54-4 ASRECEIVED-NIO SOAK E.T, 3 13 125-1A, 18,
(-125 IN, THICK MATERIAL) 400 3 313.125-4A, 48;
12 LAP SHEAR - FLUSH SCREW-3714 1N. DIA, e
JOINT “A% RECEIVED-NO SOAK Tt 3 w3175 1A, 0B
$-55-4 {125 1N, THICK MATERIAL}Y 00 3 412125 4A, 4B; -5A, B; ~8A, 6.
FLUSH NUT/ELUSH SCREW-
316 IN, DIA,
" A3 RECEIVED-TEST AT TWO m.1. 3 L = In-iet
DIFFERENT STRATN RATES
STRESS RELIEVE - | HOUR 9L ML -
- 15 L AT 1050°F R.1. 3 -9, -MW, -2t
R AS RECEIVED-TEST AT 3 _ - 37-30L
16 TENSION 5-12 DIFFERENT STRAIH RATES 1050 ? -1 3T
- v [STEETCH 55 AY 1050PF- T 3 F-T0L, 320, T
STRESS RELIEVE :
8 I SAME AS LTEM 15 [P 3 a-3T, A, -nf T
iy SAME AS TTEM 17 3 F=Tat, “T71, <180
- AS REC'D -~ BEND AT R, T " m
] - T, s M- = gL
. 20 5-50 —"—T 10 ES!ABLISIS-I MINIMUIAS R.T. 2 PRI ]
SENDRADIUS
BEND L 'AS REC'D - 86N AT 1050°F 5 WL~ aBaL
2 S-db 1 10 ESTABLISH MINIMUM 1050 3 W = aus-st
BEND RANUS _]
- HNOTES:

1.

2.

i

43 175-1A, 18 THRUP 4)3,125-8A, 68 - SHEET HC, BC 140-)
5J3.15-14, 13 THRY 5J3.19-3A,38 - SHEET 1O, HC 127-3, 301, 15-4A, 48 THR') ©J).15-£4, 68 - JMEL) HIO, HC 161-2.

SM.15-1a, 10 AHD -2A,78 - SHEET MO, HC 277-1; 6JA.05 32,38 AHD A - SHEET 11O, JC 161-4, 624 15-¢A 68 ALID -4k -
SHEET MO, 1C 161-5

814.15-5A, 58

TABLY 3,0-1, 0K

- SHELT O, HC 227-).

SURNARY PO

eoonb THCH THIOH

FIRST DIGIT OF SPECIMEN IDENTIFICATION IMNDICATES THE FOLLOWING : 3-SHEET HO. HC 243-2. 4-3HLET RO, BC 24)-1
EXCEPT LAP-SHEARX JOINT SPECURAENTS, -

SPECIMENS IDENTIFIED 381,5 THRU -7T, 381.5-12T, 3PR-1L THRU -120, 3CR-1L THRY JL AMD 3CR-1T THAU - 3T wikE OBTAIMED
FROK SHEET HQ, HC 24]-1 (SHOULD HAVE BEFH IDENHFIED WITH THE FIRST DIGIT OF 4},

LAP-SHE AR JOINT SPECIMENS WERE PREPARED FROM REMNANIS OF SHFET MATIRTAL [FITFHDUD FOR FIF2 FARRICATION AS FOLLOWS
333,125-1A, -18 THRU 3J3.125-6A - SHEET HQ. HC 137-5, 3}1.125-68 - SHEET Q. HC 1¥7-3

3-1h1
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Fig. 1.5-1 - Tension Specimens
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(FRACTURE SPECIMENS -
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“CREEP. SPECIMENS i
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3.9.1 Formabliily Characteristics - Be-3841 ,1590 Thickhcss ~ Only spol Gesto wexe

J'ﬁi:‘

al et Py 1t ‘u,llv";l"I'I"i!lii‘:I:\; I

. performed in connection with the formability characteristics of Be-38A1 ,150 thick-
ness and are listed in Table 3.%,1-1, Test data is shown in Tables 3,4.1-1 i
through 3.5.1-l, The same comments and observations made for the Be-38AL .250
thick material also applies to the .150 thick material.
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3ebede) MPensile Yests - The procedure wied for teating Lhe Be~38A1 mulerind i:o Lhe

same s Lhab employed for the Be=h3AL muterial, “his is deseribed in S euion J.4.1.0
and Is nol repeated bere,

The resulis of tensile Lests of 1% Lhick Be-38A1 alloy are pregenbled dn
Tables 3,%,1-1 throwwh 3.5,1-h,

For the .150 inech thick Be-38Al alloy typical stress-strain curves in lhe osg

-
e
=

longitudinal and transverse directions are presented in Figures 3.5,1.1-1 and 3.%.1.1-2.

‘ ?'“' received condition, tested at both room temperature and al GOO°F and in both the
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3.5.1.2 Bend Te:ts=Three Point - The procedure used for Lesting Lhe Tu =38A0

material is the same as that cmployed for the Be-l3AL material, ‘This is deseribed
in Scection 3.3.1.2 and is not repeated,
The room temperalurc bend tests were accomplished in a power brake utilizing
the same bending Tixture as was also used for the 1050°F bend tests, This is
possible because of the reduced thickness of thc bend specimen (.15 versus .29) a
typical set-up in the power brake before and after bending is shown in Figure 3.5.1.2~1
The results of the room temperature and lOSJOF tests for the .150 thick Be-38A1
alloy are presented in Table 3.5.1.2-1, Based on these tests, the remarks made for

the .25 ineh thick Be-38Al1 alloy in Section 3.4.1.2 are also applicable here.
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3.5.1.h  Nolched Tensile Yesly = The procedure used Tor testing tLhe Bo=38A1
materials is the same as thal used for the Be-h3Al material. Seetion 3.%.1.4
describes this procedurc. .

The results of the notched tensile tests for the ,150 inch thick Be~38A1 Alloy
at room temperature in the longitudinal dircction and at GOO°F in the transverse
direction are presented in Table 3.5.14-1. Unnotched tensile tests for identical
test conditions are also presented to show the notched to unnotched ratio for the
.15 inch thick Be-38Al alloy, Comparing the ratios of the +150 inch thick tq the
.250 inch thick Be-38A1 alloy, it appears the thinner material to be less tolerant

of notches at both rcom and elevaied temperature.
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3eh.2 Lap Shenr Jolnl, Tests - In order Lo provide deslpners and streess persopnel
with more accurste fastener allowable looads for Lhe Be-38A1 alley priogs to the
ventral fin proof tesl, lap shear joint tests were performed, The specimens con-
formed to MIL-STD~1312 (except for length and riveted instesd of spulwelded doublers)
and were machined from remnant pieces of ,125 and .150 Ee-38A1 alloy skins panel
material.

Triplicate specimens were fabricated to the configuration shown on page B-il
of the Appendix. Both .190 Dia, and ,250 Dia. flush titanium small headed fasteners
were ﬁested. Large tension type heads on ,250 diameter fasteners in ,150 inch thick-
ness joints were also tested. All tests were run at 6OOOF as well as at room
temperature,

Testing was also accomplished on the self aligning A-286 CRES nut at 600°F
as Wwell as at room temperature,

The lap-shear joint specimens were installed in a 30,000 lb. Baldwin Mark B
Testing Machine and loaded at a constant rate to a value corresponding to the
approximate yield deflection specified in MII-STD-1312 for the particular fastener
size being tested. At this deflection, the specimen was unloaded to near zero load
to more accurately determine the true permanent deformation. The specimen was then
re-~loaded to failure, A Lockheed designed extensometer compatible with the Baldwin
X~y plotter provided an autographlc lomdi-deformation curve for both room temperature
and 600°F testing.

A photograph of typical lap-shear joints of ,250 inch Dla, tension type flush
head titanium fasteners before testlng are shown in pi;:, 3,5.2-1,

The lap-shear Joint test results of the ,125 inch and 150 inoh thick Be-38A1
alloy are tabulated in Tables 3,5.2-1 ond 3,59,2-0 for room temperst :re ond P
respeetiveliy. A pholopraph of all ¢f fthe gpecimens aler fallure at v e rntam

sl 0T oare Sewn Dol ST VAR < L T R P cenper Ty,
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3.9.3 Mechaniecal Vropertieg

o000l Comprescion Tecle « The proecdure uned for Losbine Dl o000 Liaek mesbe i

iethe pane ae thed, employed roe the 050 Lhick waleriad,  Phis io deservibed in
Section 3,000, 0 and is not repeated here,

The compression test resulls of L 150 inch Lhick Be-38A0 alloy af room tempern-
Ture und GOOOP, with nnd without soak for 100 hours at ﬂOOOF, are precented in
Table 3.9.3.1~1 ia the longitudinal direction and i1 Table 3.%.3.1-2 in the trans-

verse direction.

A typical compression stress-strain curve for .1% inch Be-38A1 alloy tented ai

o, . - s
room Ltemperaturz and 600 F in the as received condition ure presented in Fisure
3.9.3.1-1 in the longitudinal direction and in Figur: 3.9.3.1-2 in the transverse

direction.
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Page 3-176

3.5.3,2 'lotwise Shesr Tests -~ The procoeduro usndrfnr Lesting the 150 thick malorial

is the same as that cmployed for the 250 thick materlal. This is desceribed in

it Y o NI TS

Section 3.1.2.2 and is not repeated here,

The flatwisc sheet shear tests results on the unused portion of the .04O inch

.;’a‘,uv

bearing specimens machined from ,150 inch thick Be-38A1 alloy shget are presented in-

.‘|'|ir HR

Table 3.5.3.2~1 ab room temperature and 600°F with and without exposure to 600°F

-
|

for 100 hours.

“"'H""""*';
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Page 3-178

3.5.3.3 Bearing Teuls - The procedure used for t-stlng the 150 thick materlal is
the same as thot omployed for the ,250 thick material, ‘This is describﬁ; in
Scction 3.4.2.3 and 1s not repeated here,

The bearing tests were performed on .040 inch thick specimens muchined from

.150 inch thick Be-38Al alloy sheet. Tests were made at room temperature and GOOOF,

~#ith and without sxposure to 6OOOF for an inadvertent soak of 113 hours rather than

100 hours, for both e/D = 2,0 and 1.5, Results are presented in Table 3.5.3.3~1 for

the longitudinal direction and In Table 3.5.3.3-2 for the tranaverse direction.

R S
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3.5.3. 0 Fracture Toughness Teals - ‘The procedure uscd for Lesting Lhe ,15G<thick

moterial is Llhe same as that employed for the 250-thick matctial, This ig

desceribed in Section 3.4.2.4 and is not repoated here.

() l‘!r

The computed values for RSC are presented in Table 3.5.3.4-1 for room 1

temperature results and in Table 3.5.3.L~2 for. 600°F test results.
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maberial Ls Lhe same s that employed Lor the 290 Lhick mablerinl. This 1o desceibod
in Section 3.4.2.% and is nol repeated here,

The computer tabulation of fatipue crack growlh dala tor the (150 thick
material is tabulated in Tables 3.5.3.5-1 through Tebles 3.9.4.%-8, and pgraphically
presented in Iigures 3.5.3.5=1 through Figures 3.5.3.5-8.

 The remarks in Section 3.4.2.5 are equally pertinent to the .150 thick Be-38AL

Lockalloy.
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3.5.3.6 Yatigue Endurance Tests - The procedure used for testing the ,150 thick

material ls the same as that cmployed for the .250 thick material., This is
described in Scetion 3.4.2.6. Tests were also conducted in the transverse dircction
as well as the léngitudinal.

The fatigue endurence limit test results of .150 inch Be-38A1 alloy although
incomplete arc presentéd in Tables 3.5,3.6~1 thru 3.5.3.6-4,

To check the effect of scratches on the fotipue endurance limit, specimén
numbers 3UF-T7L, -8L, -9L, and 3UF-10L, -11L, and -12L were deliberately scratched
across the test section with a torgue set driver.

A form was mede which matched the contour of the unnotched fatiguc specimen

as shown in sketch. A 10-32 flush head screw with a torque set recess was tightened

in a normal manner with a torque set driver,
TEST :
 SPECIMEN — SHOP AID
SPEC While applying torque, the set was per-
mitted to slip off the screw head and
SGREW — 10-32 scratch across the s r
pecimen test section
DRIVER FLUSH HEAD :
SCRATCH SCREW under full driving force.

Examination of the data in Tables 3.5.3.6- and 3.95.3.6-h shows the scratched

specimens had longer fatigue life than the notched Ky = 3 spueceimen.
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Stress Corrosion Yesly - The procedure uged for Lesblng the 3150 thlek
malerial is Lhe gsame s that employed for the 250 thick material. This is described
in Scetion 3.4.2.7 and is not repeated here.

The stress corrosion test results are presented -in Table 3.5.3.7-1. No stress

corrosion fallures were observed. Howevér, from an appearance standpoint, ADI’ high

temperature aluminized paint offered the best protection._ . . . .

—— - -
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3504, Creop Slrenedl Perls - The procedure used Por Lecbioe Lhe 50 ineh Lhiedk

Be-308A1 1o Lhe same as lbal employed for the 0 inch Lhick malerial,  Thic ilo
deseribed in Section 3.4.2.8 and is nol repenied hera,
. O 4 s
A dead-woight loadd wan applied at 600 1 ro an o producce a shresg level in

both the longitudinal and transverse directions on the specimens ns follows:

Specimen Stress
I1.D. ksi
3CR-1L,1T ' ) 20.0
3CR-2L,2T 12.5
3CR-3L,3T : 7.5, 8.0

A plot of Creep-Rupture curves at 600°F in the longitudinal and transverse
directions are presented in Figure 3.5.3.8-1 and Figure 3.5.3.8-2, respectively.

A plot of Creep curves at various total deformations at 600°F in the longi-
tudinal and transverse directions are presented in Figure 3.5.3.8-3 and Figure

3.5.3.8-1, respectively.
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3.5.3.9 DPolsasan's Ratlo Teats - The procedure used for tenling the 150 thick

material 1s the same ag thal employed for the .250 thick material. This is
described in 8cetion 3.4.2,9 and 1s not repeated here.

For thc room temperature tests, the loads for the four loading runs werce
lowered to prevent overloading the thinner specimens (,150 inch versus .250 inch)
and are &8s follows:

Run #1 0 to 300 1b., in 50 1b. increments.
Run #2 0 to 600 1b, in 100 1lb, increments,
Run #3 0 to 2100 1b, in 300 1b. increments.

Run #4 O to 3000 1b., in 300 lb. increments (or highest load possible
at reasonable stabilization).

For elevated tests at 600°F, the followlng loadings were used:
Run #1 0 to 300 1b, in 50 1b. increments.

Run # 0 to 1500 1b. in 300 1b. increments.

Run #3 © to 1900 1b. in 300 1b. increments (or highest load possible
at reasonable stabilization),

Strain readings were Obtained for each gage at each increment of loading.,

The results_of the Poisspn ratlioc tests for the .150 inch thick Be-38A1 alloy
are tabulated in Table 3.5.3.9-1 and were obtailned from the graphical presentations
shown in Figures 3.5.3.9-18 and 1b through Figures 3.5.3.9-12a and 12b,

An added benefit from the Polsson ratio tests was the abllity to obtainr

modulus of elasticlty values from the axlal strain gages as contrasted to the con-

ventional method of using extensometers. These results are shown in Table 3,5.3. 9-1.

Comparing the values obtained with the strain page reodings Lo those obtained with

extensometers, o smaller range is realized for the strain gaped values, particulariy

at 600°F as shown below:
-,

Modul-:: of Blasticily - PSi ox 10
Room 00"y
Stradn Goee L0 Min, - T M, bty Min, - b Mo
Frzloencomel oy e M, = a0 Mo, Iy M. - bt M
| 1 I
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Prpre 300739

3.6 SBHAR PANKI TI5TS

Shear tesls were performed on lwo 22-inch square Be=38A1 alloy pancls.,  While
not required as part of the material characterization study, thesce tost were cone
ducted to further demonstrate the sultability of Lockalloy for structural oappli-
cations on a larger scale than had been demonstrated by coupon Lests. The Cirst
panel was tested Lo determine its shear buckling characteristics gnd ultimate shear
strength. This pancl was prepared from a portion of the ,150=-inch matcrial origi-
nally intended for use in the characterization study of this thickness of Be-38A1
alloy. The results of this test provided base-~line information for & similar test
of a second panel which was subjected to a localized thermal shock prior to testing.
This test panel was prepared from a sheet of ,140-inch Be-38A1 material obtaincd
from KBI. This sheet of material had originally been rejected by KBI because of
edge cracks and surface imperfections., However, the shear panel was prepared rom
a portion of the sheet deemed acceptable on the basis of data obtained from uensile

specimens taken from the same sheet.,

3.6.1 Shear Test of .150-inch Be-38A1 Panel

3.6.1.1 Test Spccimen - A 22,0 x 22.0 x .150 inch shear pancl was machined from

Be-3BA1 Lockalloy in the same configuration as shown by the typical aluminum pancl
shown in Figure 3.6.1.1-1. This panel was uscd 23 a drill jig for the lockalloy
pancl, Presented in Figure 3.6.1.1-2 arc the actual measured thicknesses of the
Be-38A1 panel. Table 3.6.1,1-1 presenis a tabulation of material propertics from
speceimens taken {rom Lhe same sheet, in both Lhe longitudinal and transverse
dirvetions, trom which the shear pancl was machined. Inciuded in the tabulation

are Lhe material properties as provided by material suppiier.

3.6.1.2 Test Set=Up and Procedure - The Lesl pancd was mountod in o pinejoint.od

steel picture fragme and this assembly in Lurn was moanted inlbo o psround Lest “ixlure




Pagn 3-2W0

Fige 3.6.1.1-1 = Aluninum Penel Used &5 Drill Jig for
Tdentical Size .15 Inch Thick Be=-38A1

Iockalloy Panel.

T6=5007=2
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FIGURE 4.6.0%,

- - 22,00 -
q «—1.0 TYP
I"TYP ' r1.0 TYP
+  + + + - |
0148 .]47 .]47 .]4? -148 .147
4.0 TYP
- + o+ o+ o+ o+ 4|t
: 47 148 148 148 150 149
+- + + + 4 +
; 147 .147 146 145 146 146
22,00
E + + + + + +
- 47 147 148 147 147 47
g 3NAS 768-1
- SHEET NO. HC 243-1
+ 4+ + 7+ T+ +
= JA50 149 148 47 | 48 149
- It + + + + + ‘
A48 148 148 148 149 148

ACTUAL MEACURED THICKERGGED OF
«150 TNCH THICK Be-38A1 PANFL,
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SPECIMEN ULTIMATE 2% YIELD % E Er %
1.D. Ks! KSI 1.0 G.L. PSIx10
INAS768-IL | 49.3 33.0 19 27.6
2L a7.9. . 32.6 ¢ 26.9
-3L 49.5 32.9 14 26.2
AVG, 48.9 32.8 n 26,9
3NAS768-1T 50.0 32.9 12 29.2
-27 50.0 32,9 14 30.4
-3 49.7 33.2 13 29.3
AVG, 49,9 33.0 13 29,4
MATERIAL SUPPLIER DATA
L 49,2 34,0 13.6
L 49,1 33.9 12.7
AVG., 49,2 34,0 13.2
T 48.4 32.5 1.5
T 47-1 35.0 8.0
AVG. 47.8 _ 3.8 9.8
NOTE; AVERAGE ULTIMATE SHEAR STRESS (Fgy)
FOR 3NAS768-1 PANEL = 37.2 PSI
(TRIPLICATE SPECIMENS).
REF, R N, PAGES 568954 AND 568948
AL ¢ MATERUAL PROLEF Tik0 ¢ <HAGT -0
CHRAR PANDT (U )
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ol denimed and fabrleated by loekheed=Advanced Deyelopment Projeets ng chown in

’

Figmre 3.6,1.0=1, Tesl loads were applicd hylroulleally and oil pressure was

regulated by an Mdlson lLoad Maintaines as shown in Figure 3.0,1,2-2, Test loads do

ERTEE PRYTTI R T

not include test fixture tare weight of 2,600 pounds. For simplicity, this dosd
. was noplected sinee at the failure load of the panel it represenis an error of
approximately 2 percent which was considered negligible,

Strain gage locations are shown on Figure 3,6.1,2-3. Readings werc taken at
N each increment of loading by two strain indicators hooked into a switch box, One

indicator was used for gage read-out of the axial gages and the other indicator

i ; for the shear gages. A photo of the set up is shown in Figure 3.6.1.2-L4,

Deflections were recorded at each load increment by back-to-back dial gages i
installed parallel and normal to the applied load as shown in Figure 3.6.1.2-5, é

3.6.1.3 Test Results - Test loads were applied from zero to 60,000 pounds in i

y Povng e b

= : 20,000 pound increments, then in 10,000 pound increments to 80,000 pounds, and then

returning to zero load, A buckle measuring ,002 ~ ,004 inches was observed at the

i e

80,000 pound loading. Strain and deflcclion readings were recorded at each load

inerement =nd are tabulated in Table 3,6.1,3-1 and Table 3,6.1,3-2, respectively.

PR FERUE

Plots of shear strains and deflections versus loads are shown in Figure 3.6.1.3-1

and 3.06.1.3-2, respcetively, The panel was then rotated 90O counter-clockwise

4.
Ll

vy

(facing the necar side) and the same loading to 80,000 pounds and back to zero

repeated, Again strain and deflection readings were recorded and are tabulated in
Table 3,6.1.3-3 and Table 3,0,1,3-%, rcespectively. Plots of shear strains and

detlections versus load for this run #2 are shown in Fipgures 3.0.1.3 and 3.0.1,3=l,

respectively, |
The pancl wos then loaded to failure in the same inerements as used on the pre- 4

vious run withoul recording any further siraing or deflections olher ithan moniloering

Lhe hiphest reading shear page - l.c.y Y023, The pawe failed in o ductlile

-

%- conney whilte o lomd of 120,000 pounds was hedd on Lhe pancel Lor Len (JJ)) wminabes.

Q;H'l.”'..ll-l.lﬂi_.ll.l-ll-llll-l-ﬂllﬂl-j“‘!umih
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Fig. 3.6.1.2-2 - Edison Load Maintainer.
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LOAD

/4

A003.1 NEAR
.2 FAR

A002.1 NEAR
.2 FAR

AQ04,1 NEAR
.2 FAR . .

AQ01.1T NEAR
.2 FAR

— e o—

3

22.00

r'é

LOAD

] AXIAL GAGES - BACK-TO-BACK

% SHEAR GAGES - NEAR SURFACE ONLY

Figs 3.6.1.2=3 ~ Strain Gage Tocations on .150 Inch Thick Be-38A1 Panel
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- Fig. 3.6.1.2-4 = Strain Indicator and Switch Box Arrangement.
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end parallel to load applicatilon,
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Page 3-756
the falled panel Lg shown in Flgure 3,640,335,

A plol o measured stpeanng In shown in IFipgure B0l -6, (Figure 306010731
ghows slreascs below the pancl buckling lowd, At hipgher Joad level bueklos cansed
digtortion in the strain readings), The stress reduction at the center of the panci
ig attributed in port Lo the fact that the cdge attachments were "inside" the cenler
of the losd application on the "picture frame" members causing s redistribution of

loads inside the panel, The results of the shear panel tesls are:

PRATILURE = 120,000 1b.. Failure Load, Failed at Net Section.
FSRATIURE = 28,280 PSI Failure Stress on Gross Arca
Fg =
Initial Buckling Stress
by =
Sex (CALCULATED) = 13,000 ISl

To account for reduced stresses at center of panel, assume
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Far Side

Fig. 3.6.1.3-5 = Failed .150 inch thick Be-38A1
lockalloy shear psuel. (Fallure
Ioad = 120,000 pounds )
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3.0,2  Shear Tesl of 140 Inch Be~38AL Penel Following Localized Thermal Shock

4

3.,6.2.1 Test Specimen - A 22,0 x 22,0 x .10 inch shear pancl was machined from

Be=38AL Lockalloy ian the same configuratlion as shown by the typical alumimumm panel
shown. in Figure 3,6.1.1-1 which sgain was used as a drill jig for the .1k0 inch
thick lockalloy panel... Presented in Figure 3.6.2.1-1 are the actual measured
thicknesses of the ,140 Inch panel,. Teble 3.6,2.l-1 presents a tabulation of
material propertiés of specimens taken from the same sheet, in both the longitudi-
nal and transverse directions, from which the shear panel was machined. Included
in the tsbulation are the materisl propertles as provided by the material supplier.

3.6,2.2 Test Set-up and Procedure - The test panel was mounted into a pin-jointed

steel "picture frame" as shown in the photo in Figure 3.6.2.2-1.

Thirteen (13) Iron-Constantan, Type J thermocouples were attached with Viton
along the c=nterline of the panel in the locations identified by Fig. 3.6.2.,2.-2,

The "picture frame" with the installed thermocoupled shear panel was moved
out-doors (as a health safety precaution) and supported in a horizontal position on
steel horses with *he plain side up (thermocouples on under-side). The thermocouple
cables were then attached to the CEC 5-=119 oscillograph shown in Figure 3.6.2,2-3,
A heat shock was to be applied to the center of the panel with an oxygen-acetylene.
torch at a speciflic distance and heat torch settings with the intent to heat the
panel to 1000°F in a time span of from 40 to 48 seconds. A special holder for the
torch, as shown in Figure 3.6.2,.2=h4 positioned the torch tip at the same distance
from the Lockalloy panel as the dlstance determlned by trial and error on thermo-
coupled aluminum panels., Once the distence and the torch heat settling was considered
acceptable, the torch was placed into the holder and timing of the hesat shoch tesi
began., In the cvent the thermocouple on the under-side of the torch became loose, a

hand heid pyromeler was used as & back-up to monitor panel temperature.
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SPECIMEN .. .| ULTIMATE | .2% YIELD %e E
1.D. ksl | ksl 1.0 G.L.. | PSix10
BIASTEI-IL | 49.4 .6 12 27.8
INAS769-2L 9.6 33.2 12 26.9
INASZE9-3L | 48.5 33.5 9 25.6
AVG. | 49.2 33.4 ¥ 2.8
INAS769-1T 50.4 33.8 10 29.4
INAST69-2T 50.7 33,7 1 25.6
INAS7E9-3T | 50.5 33.9 1" 27.2
AVG. | 50.5 33.8 n 27.4
MATERIAL SUPPLIER PROPERTIE
0 45.4 31,0 9 —
2 4.6 32.5 6.5 —
AVG, | 4.5 e 7.8
a7 7.2 3.5 13.5 _
Py 4.0 31.8 9 —_—
AVG. | 46.6 3.6 .2

NOTE: THE AVERAGE ULTIMATE FLATWISE SHEAR STRESS OF

REF: RN, PAGES 568956, 568968,

TARLE $.0,2,7-1,

MATERIAL FROVERTIES

O L Lh

(SHERT 10, HZ 23.-3%)

TRIPLICATE SPECIMENS = 37.7 KSl

THOH THICK Bee=3ic 10

AT LOY PANRL
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TYP 1.0 TYP
| {

~f.141 141 L4114 141 .140

+ o+ 4 &+
141 40 140 141 141 142
Jd41 L1415 141 142 .141 J41
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Fig. 3.6.2.2-4 - Positioning Tool and Holder for
Torch Tip
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Aftor belnp subjersted Lo Lhe Lhermad shoel, Lhe zmne bept met-up anda procedure
as deseribed in Lhe Cirsc paragroaph of 3.6, 1,0 wan rrprner here, A photas o Lhe
Lest zel-up for the 140 inch thiex Be-38A) pancl is shown in Fipure B PLES AN AL
Deflections were recorded al euach load incremenl up Lo and including i09,000
pounds, by back-to-back dial paes instailed parallel and normul Lo Lhe applicd lowd
a5 shown iﬁ Figure 3.6.7.2-0, . No other instrumentation was used,

3.6.2,3 Test Results - A thermal shock of N1,9 seconds duralion wac applicd Lo Lhe

center of the Lockalloy panel producing an cstimaled lhOOOF peok temperature as
determined from the oscillograph traces. The thermal shock test temperature profile
ig shown in Figure 3.6.2.3-1.

The heating rate to the panel during the thermal shock test was cotimated us
follows, An analytical thermal model was generated Tor the pancl which incliudeus all
modes of heat transfer occurring in the actual test. The distribution of film
coefficient over the plate could be approzimated from standard npingement healing
methods, Reference 1¥, knowing the torch <xit geomctry and distance from the plat.,
Solutions were obtained from this model for various combinations of toroh temperature
and impingement point film coefficient until the analytical Lthermal response for the
plate matched that of the test. The resulting heating rate to the plate was S0 Ktu/
ftz—sec over a 3 inch diameter cirvele centered under the torch at test iritiation,
decreasing as the plate heated up.

An over-all phobo showing the "bume in Lhe cownter of o panel owhochowas
"

restrained in the "picilure Trame" Jig during the Shermal shock, i shown In
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FIGUQET 362.3-1

w__gmm, SHOCK PANEL | .. B
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Fig. 3.6.2.3-2 ~ Overall View of Restrained Panel
Showing Bunp in Center of Paunel

Pl 3.0.003=" = Close~up View Showine Aduminum Teads
Fxuded From Panel and Busmn Helght of
Avprozimately 1% Inch.
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Pepl lomin for Lhe one run Lo follure yerve applicd from sero Lo 100,000
; povnds in 29,000 pound incsrements and then al, 10,000 pounds to Tadlure,

A plot of delflecbion versus lowls is shown in Pigure 3,6.2,3-5.

The themeal chocked pancl Tailed at 120,000 pounds which is the swme as the
Tailure luad of Lhe first shear pancl, indicating thal the heated arca of the
Lhermal shorked panecl, with lower stresses at ithe center, was still less eritical
: - than the net scetion through the cdge attachments. The failed panel after removal

- from the "picture frame" jig is shown in Figure 3.6.2.3-6,
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Fig. 3.6.2.3=6 - Falled .140 inch thick Be-38A:
Thermal. Shocked Lockalloy Panel
(Failure Joad = 170,000 pounds)
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—= 3, ¢ THERMAL SHOCK TESIG OF .09 INCH THICK Be=38AL ALLOY

| o oblain preliminary information repgarding Lhe resistance of Juckalloy Lo
{hermal “s'hock, two samples of .09% inch thick Be-30AL alivy siwet {suppaicd prutic.
by the Lockheed Missiles and Space Compuny) ﬁure instrumcnted and subjected to

-7 ;;éi;ect impingement of a localized oxygen-acetylene flame,

The first sample measured approximatcly 9% x.loﬁ-incheé-and“had previcusly
et been used fo: & proaectile impact test. A thermocouple (?C—l) was attached to the
e back- side—of—this—specimen, on the ccnterline of the 9% inch dimension, directly.
L opposite the point of flame 1mp1n"ement A sccond thermoconhle (TCc~2) was attached
to the back side of’ the spec1mcn at a distance o¢.3 1nches trom the first, The
i oxygen-acetylene flame was held in dlrect ‘contdct with the surface of the matcrlal

" - The temperature on the back side: of the sample dircctily cpposite the flame (TC-1)
- reached 1000°F in L8 seconds. At that time, the temperaturc 3 inches away (TC-2)
lwas only 2h00F. This tempordture dlffercntlal of 760°F resulted in the arca under
the flame being raised and permanently deformed to a height oi 4pprox1wate¢y 0)0
inch,
U On the second sample, whiéh measﬁred"approximately 4 x 10 inches, the thermo-
couples were attached on the centerline of the 4 inch dimension. On this sumplic “he
temperaﬁﬁre direclly épposite the flame (TC-1) reachedHISOdoF in ﬂ7 secohds, while
the £3mperatﬁre 3 inches awaey (TC-2) was SQSUF. At this temperalure Lhe speoismenu,

which was supporled on each end, drooped approximately .12% inch of ils owr weigil,

. but. the local deformation djrovtly'uhdor the flase was only 310 inch. A omadl
bubble of what appearced to be purce aluminum cxuded from Lhe sortace of Lheomnt viul,
direcetly under the flame, as the Lemperature on Lhe back side o0 fhe meocfoen

€2
approached 1000 ¥, i

kach of those smaples wos subsequentiy dyese dnopestod, Thers wis e vl

of crasking. The loood dictortions were coneidersd win e Do The et v

- e T EE AR B Fle m— Ea
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thermal- shock conditlions whi::h resulted in localized temperature diflerentiats—of----—--— -

760%F and 1175°F,. S

The two_samples used.for-these thermal shock tests are shown in Figure 3.7-1.

t - -
.. f
- — -
Lo emaw 4
P
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F -

Flg. 3.7=l = =085 Inch Thick Be-38A1 Sheet Somphes————r- meeew o
used for Thermal Shovk Tests.
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3.8 QUALIFICATION TESTING
ADP's long standing matcerials usc policy calls,,i‘grﬂ:','.in-:plant" qualification of
ull materials for whiclr statistical—property dats ig-insufficient...Tensile..coupons

are prepored—from each piece of such materfads and-are tested—prior to their-retrease

to production for uitimalte mxid yield strength, percent elongation, and medulus of -

elasticity, These hests ate- in addition to thematerdsl certdfication-tests—per-

formed and reperted by the Material. suppliers.————

In-the-case-of the Lockalloy sheet material, Because of the-delays in deliveries.

and the-_urgericy to release matérial to production as~socon as it became- a.va.-il:ble’,_“,tlgg:___-_,_:-i_‘_;

qualification testing was-done—eoncurrentiy sxith_fabriration of the panels.. Coupons
were made- fycm remnants of each—sheet, but because of the irregular shape of the |
remnants, rcbupon alighment with sheet grain was not attempted. The coupons, where
possible, wers téken in two mutually perpéndicular directions indicated 4s A & B.
Table 3.8—i presents the results of ADX*§ qualification testing.- KBIrtensile values,
in-the longitudinal and long.tra.nsverSe gralfl direction, as a.va_._ilz_i.b].-e, are listed

for~comparisen._ The rol’ ing history of each sheet {number of Follings in the tramse

verse.direction) 1s also indicated.

AT
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MATERIAL QUALTFICATION. = TABKE

T b

N - ADP TESTING KBF TESTING
- - | ) — - .3 T e F o | =Ne-
o | Fty‘ -%e .| Ex1O | | Fio. :Efy- %e |- of
KsL- &St kst | Grain [ KS1 | KSE'] - | RelHngs |
50,6 [ 3837 6y [2706 | L | Skl 1399 ) 115 =3 |
49.9-[.38.4.| 6T 29,4 5.3 137 L1158 |0 T
- a2.3:) 402t 4% {268 [Tl s0.0:[38.2 | 76
. | - 53:57 3.2l ¢ 28,7 |— 50.0-[ 3.1 &3 [,
e | 13724} A254 A | 54.7 | T .9(2") 26,8 | d] 50.6-134.8 w4
: b 53:7| 38.04-8"7 | 30.0 N S - B 2
B 51.9-| 72 7—262 | T 4901337 9.2
5T.8 | 36.4-| 8 30,7 — 46.9 13,11 8.2
137-5 |.125] A 54.6-1 39.4 | 9 2787 L | 506 [37.7|13.3 | 4-
- : 52.5 1 38.5 | 8—] 26.5 51.8 [38.9| 11.2
B 519|382 7 264 | T | 5433921132}
55.4 | 39.5|10 ¥ 31,7 53.4 | 3821029 0
146-2 .25 A | 55.0] 4DV 9.5(2) 29.6 L 53,8 | 38,1 | 18.2 4
— 54.5 | 398 |8.5YT25.9 | 52,2 | 3.2 | 13.8
B N.A. - T 51.1 135.6 | 15.8
50.7 | 35.5 | 15.7
146-3 1250 A 54,1 | 39.8-| 8 30.2 L 52.2 139.0 | 12.5 4
53.4 | 40.5-1 7 | 28.2 51.6 | 37.4 | 10.2
B 53,0 1 99,3175 | 3.1 T 50.9-36.3 | 10.8
. 535138218 | 304 4 “| 47,9-135.7 | 7.2 | .
160-3 1,150 — A 53,77} w9 [26.8 | L. 2.0 |74-} 1431 3
- 52,277 38.6-| 9.5 _{ 25.5. 52,2 138.3-]15.4 | -

Bimo] Br2| 325 9- | 243 | T- | 5206 |30.6 | 1.5
51'_._5__3[ 8= |26} — 5250 | 39.2 - 15.3

1o+ |.isob A ] 529 |eno|w.s {2R7 | L NLAL | NGA NGAH 3

51,9 NLAL [ NoAs | NuAL
8 5135 5107 | 39.2 | 12:5
. _ 51.6 51,6 | 38.0-| 137 —
F161-1 | 125] A 52,4 — 50.7_| 346 | Y07~ | 3
—- 52.7 51‘.3 36'73 ‘5.&- z
B —1| 52.6 L 510 | 37.3-] 11,7
- 51.9 51 43547 12,27
6%=2 A——1-54,0- T 53,4 | W[ 10,7 |,
' 5371 § 38,0 |10” 5073 | 36,0 | 1179—
== B 52.4 } 3m9- [N 50,2 | 36— 1375
= : [ 52.5 | 38.4 52.8-| 37:5 | 144
TABIE 3.8-1. MATERIAL QUALIFICATION




f,

.: R T R .,.-l
| e i I

iy e

g

Sy

p— o —
‘

Yage 3-27Y

. MATERIAL QUALIFICATION = TABLE=(Continued)—
- ADR TESTING KBITESTENG
Shoet f—,  [Coupon Fra | Fty % o _Eu-w? ] - Fro By | %e | of
LD Disection | KSi | KSI. kSl __ | Graln | KSI- | KSL RoliTngs]
[ 1614 Las0 | A T_ ® [@ (6 |- . L—1-50.9-}-35.3 [ 13.8- 3
53.7-1 3.4 V2. | 26.4 | se.0 Fasol 8.8 |
B 53.0-] 38.9t8&5 | 29.3 | T | 51.2.138.5 158
52,71 30.217.5 | 27.8 51.0 | 38,2 { 1341
161-5 |.125 A 52.4 | 33.9 |1+ | 208 L | 53 |38.4 |16 4
52,31 33.7 |1 26.6 54,3 [ 39:.7 [ 1.5
B 49,7 | 2.0 ¢ 29.7 T 52,3 | 39.8 [10.6
51,1 | 34.8 |10 29.4 52,7 | 8.8 | 9.8
197-2 | .150 A 51.5 | 34,31 2.7 L | 53.3|37.4 | 10.3 4
52.2 { 34.8 (11 27.4 53.4 | 36.9 | 10.5
B N.A| NLAL NLAJ T | 53.4 [ 3.9 |14.2
51.4.135.3.1.7.2
T97-3 |.150 | . A 52,3 |3.9| 9 29,2 L 51.9 | 36.9 | 1.8 3
53.6 | 37.9 |1 3.4 - 50.7 | 36.% | 14.5
B 53.6 | 37.010 40.8 T 516 |37 TNnN.2| 3
A 52.1| 3.8 9 27.1. 50,9 | 3.1 | 8.2
197-4. |25 | A—— 5280|3221 29,0 | b | 54.6-| 40,2 [14.2 3
52.3.| 1.6 13 31.6. 54.87| 40.0- | 9<4-
8 FNGAL NLALL NLA, T 52.0 | 3.2 | 1.5
NLAL NLALL MLA 52,2 | 36.6 | 12.2
| 2271 |50 |. A 51.5 | 3.4 | & 30.8- L 53.2 | 38.0 | 10.7 3
F 57,7 | 37.3 |10 28.0 50.3 | 39.0 | 5.4
B |'50.6 |33 |10 |27.6—| T | 52.8 |36.5 [13.7
B H9{35s6l8 27.7 s2.6 |37.0 | 8.8
22772 | 125 A 5177 | 354 {10+~ | 2856——L | 58.9 [ 36.3 {13.D 3
51,6 | 35.8 |10 28,2 5hL6 | 37,3 -[13.2
B 51.7 | 35.2 |0 33.5 T—| 5.3 |37.8 | 6.0
5i.1 | 354 | 8 3.6 55.0 | 38.2 | 1.7
227-% | .150 A 51.6 | 35.5 | ¢ 28.5 L 53,9 |32 {1 3
50.8 1 34.5]9 26.8 55 | 39.2 [11.6
B 52.1 | 33.9 |12 3.7 T 52,8 |38.4 |12,
51,7 | 34.3 {18 24.6 54,2 138.4 | 11.5
TABIE 3.8-1, MATERIAIL QUALIFICATION (Continuecd)
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st
= “MATERIAL QUALIFICATION - TABLE  ({Continued)
- ADBP TESTING KBl TESTING
-:_ = . | . NO&
i Sheer| . 1"Coupon Fo | F %e | Ex10° Fro Fty_-,%e of-
- i.D. Direction-| KSI | KSI KSY | Grain | KSI | KSI Rollings
by — L= T =) = = - = = |
K 2274} 25| A 52219730110 | 347~ & | 508(35.3| %0 3
LT ] e [n—j 38 [ 52,0 | 35.4 | 12,8
- . B 53.6 a9 (10 [ 3o | 1| 5.2 |31 e
C— 2 | 5341383 [10 [ 347 - 52,4 w7134l
-2 [as0f A 522 (3787 & | 2435 [ azelamét 73| B
. . (52,6 37BLS | 268 |77 47:8 [ 3.5 | 7.6
T - B [ Saafazalio- | o2gr | T | 4%0 (3.2 |12.0
- - 53.4 [ 376 [ 11 27.8 | 42,9 33,4°| 8.0
- 243-2—| 1504 7 TA 52.4 -36.7 | ¢ 24,3-1 L -] 50.3|34.9-| 11,2 N.A
s - - - 51,91 3.0 | ¢ |—25.0- F 499 |37 |14
F - ' T | 5.6 |3x7 [10.0
— 51,3 {348 | 11,2
- (1) FAILED REAR GAGE POINT- - —- = == me - mm e
T {2) FAILED OUTSIDE GAGE LENGTH
- (3) FAILED AT SCRIBE MARK—
- {4) R.N. PAGES 568560 AND 568563 THRU 568566

5 TABLE 3.8-1. MATERIAL QUALTFICATION (¢oneluded)
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Iheaiadexinl characterization study

included special tensile teols to eyvaluate the short transverse slrength of Lock-

alloy plate, and cyclic reversed bend tests to determine whether cold bending

ceuld be empi-ojred to correct minor discrepancies on formed-Iockalloy parts. These

tests are described in The following paragraphs.

———
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3.9, _Shorl_Tranaverse _Streppgth = Speelal Lenslle tests were conducled to evaluate
thw short transverse—strength of Lockalloy plate. '1‘hnm4.xzon—:s.to.mlar¢.spucimens werd

T made from & ,250 inch thick Be-38Al plate (lleats . HCLG1-3) which was.used dn tho

material chavacterization progfamn, The coupons were machined per drawlng TH-100
aé_shown_on_page B-16 in-the Appentiix with the exception.of the fillet radius

vihich was considerfbly smaller than the .03 radius -specified...The .rdius was )
éstimated_to_heﬂ.OOBMfo .605;inchﬁ__Beiﬁﬂntcing_steel_plates wére bonded to the—
coupon-flanges to prevent flange fatlures. Figuré 3.9.1=2 shows tha thfee Lozkal loy .

véOupons prior to testing. Migure 3.9.1-1 shows the coupons with the loa&tng-fixture

- ~in place.

Because of—the geometry of the specimens and the manner of loading bending
stfésées and high stress concentrations are present at the vicinity of the fillet—
radlus._TFhe_calculated fallure stress, therefore, cannot be considered as establishing
the ténsile strength level -in the short transverse difection for thIE‘ﬁEEEfial.r
Rather, it represgnts 8 gualiiati#emmégsureunfmitsmstrengthuin this direction. The
gyerage failure'st?essAof”the plate tested was approximately 32% of the ultimate
stress in the longltwdinal and long transverse graln direction for this plate.

By way of "tomparisofi, & 7075=-T6 bare plaﬁé:;f“the'sahe thickness, téstedmidenticaliy,
fafIEE-aE‘az% of ité'longitudinal or 1oné~trahsvefse ultimate strength. Examinatien
of the fractured Surface shows-that.fallure,in two of the three specimens tested,
started in two parstried planes as ewldenced-by loose platelets shown in-¥Figuve.

3.9.1-3=

The relatively high short transverse to longitudinal strength ratio, haowever,

does not suggest any in-plane weakness duc to delaminatiom.
Table 3.9.1-1 shows the test results for the lockslilcy and the (075-16 Aluminum
alloy. Table 3.9,1-2 shows typical longitudinal and long transverse propertics for
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Page 3-786
- LOCKALLOY. o - ALUMINUMACLOY.
SHEET:. HC=141-3 " _ - 7025-F6-—-BARE PLATE
SPEC. AREA LOAD.AT FAHJRE - AREA LOAD AT. FAILURE
NO. | -IN2 | FAILURE-LBS | STRESS=PSI | -INZ7 | FAM URE-LBS | STRESS-PS
i — : : 3 zmmed-

P 098 1880 17120 L1110 2080 © 18740

2 . T098 1500 13640 | 1098 2040 18580

3 1098 1850 17210 1110 2200 19820

_ AVG: 16000 PSL. - A\i;c: 19050 PS|
TABLE 3.9¢1=F. TENSILE STRENGIH-SHORT TRANSVERSE GRAIN
' - DIREC'PTON
LONGITUDIMAL LONG TRANSVERSE—

SPEC. | Tt Fiy " SPEC. Fru Fry s
NO. -KSt -KS| € NO. ~KSt -KSI
5T-1L 51630 36400 9 5T-1T 49680 36050 8
ST-2L 51450 36580 s5f-2T 50240 36170 9
57-3L 50890 36470 5T-2T 49600 36200 9
AVG: 51350 36480 9 AVG: 49840 _ 35140 8,66

TABIE 3.951=23

AND TRANSVERSE GRAIN DIRECTION~LOCKALIOY SHEET

TENSTIE STRENGIH PROPERTIES~-LONGITUDINAL

1613
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TRANSVERSE TESTING) - TENSILE STRENGTH, L & IT GRAIN DIRECTION

LONGITUDINAL ... LONG TRANSVERSE ...
spece—  Fre F — o, spEC. | Tre it | o«
NO. | -Pst -PSk NO. | -psi -BS1 ne
B 85300 80100 12,0 1 86800-— 76800 1
2 84900 80080 15— 2 £7100 77600 | 10.5
AvE: | 85100 80000 1.7 AVEr | 87000 77200 | 10.7
LOCKALLOY STRENGTH RATIOS: ~ |
SHORT TRANSVERSE  _ = 'S.T.  _ 16000 _ g4
UCTIMATE-LONG. FL 5350 -
CSHORTTRANSVERSE  _ s, . _ 16000 _ oo
OVHMATEC T, — e T : :
ALUMINUM ALEDY BLATE - 7025<T8.- STRENGIH RATIOS:
SHOREIRANSVERSE  _  IS.T. L s |
OUTTMATESLONG. 85100 B
L 5 .
SHORT TRANSVERSE  _  's.f. Lm0
UTHIMATE-L.T, Fis 87000
TABLE 3.9.1-3. AIUMINUM ALIOY - 7075-T6 (SAME PIATE USED FOR SHORT
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3.9.2 Cyelic Reversed Bend Test - The following non-standard test wos performed . to

ascertain whether a mild cold "Check and Stralghtening” operation could be uscd as
a cOrrective%fabrication process on lockalloy parts without affccting the integrity -

of the-materlal. e

The test—consisted of cycling a strip of Lockalloy through a—revers&d@ bend

-loading-while perfodically monitorfhg the fiodulus ofelasticity in hoth-loading

directioné*M_Themgpecimen-was 4 remnant—plece of- Be-=38A1, _.125 thick by 1.28 inch— -.

s

wldé and approximately 10,0 fnches.long. It was loaded-as & simple beam.over—a_sparl

of 5.8 inches with.the load applied &t midspan_by means of a-Wiedemann=Baldwin

testing machine, A deflectofieter periodically recorded the deflection at midspan versus

load. The test set-up is shown in Figures 3.9.2-1 and 3.9.2n2.-.The-spplied load
was 91.2 1lb. resulting in a bending stress of 29,800 PSI.__
For-the first and eVefy tenth loading cycle thereafter the specimen was loaded

'twice'onffhé same side before reversing it and repeating the procedure on the other

. -silde. During these cycles, load-deflection curves were fecordedt The test was dis-

continued after 101 loading cycles. The strip was -then inspeated by Zygloing and was

found to be ffee of cracks. — IR

The test data was redunced to modulus of-elasbicity—and the values are presefited
sePaxaxelymfor_the—£ipat'and second leading 1lh Tables 3.9,2-1 and 3.9.2-2, .

rrespectively,____wnm"*mmnd_mhw.hl“.”ww

The increase im stiffness found on all of the second load applieatiens is.

‘evidently & characteristic of this material, and it wad observéd on other similar ---

tests., The fact, however, that the modulus of elastiTity, for each loading, did not
show any sigﬁificanf éhange through the 100 cycles of load reversal indicates that
the materiel remains structurally sound.

On the basis of these test results and since the anticipated stralghtening

operation was not expected to impose any more severe conditions, "Check and

N e S
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Strairghtening" was in this casc approved and used successfully Lo correel. Corming

deficiencies in one of the surface panels,
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. Fig. 3.9.2-1 - Overall view of Test Machine and
' Sct-up for Reversec Bending Test.
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DEFLECTION—

LOAD #

E « PRSI X 10

1
21
3
4
51
61

n
81

01

04115
0457
04175
.0428
0416
0430
0420
0427
0423
.04225
L0416
.0430—

0 .
04275

N—'N—‘N'-'N—‘Q—‘P-'N-'N—'M'—'M—'N—'

L0415
04275

0425 |

0424
04255
0421
0434

.25

91.25

22.5

22,2
22,6
22.2
21.5
22.0
SaaT
21, %—
21.2

22,2 .. ).

n.5
22.2
216

21.4
21.8
21.5
7.8
21.7
22.0
21.3

TABIE 3.9.2-1

CYCLIC REVERSE BENDING MODULUS OF

FIASTICITY ~ FIRST IQADING
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— | 04— ..
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.03545
.03845
0351
.03545
.0347
.03525
.0348-
.0347
.0345—
0349
.03425—

0345
03435
0338
03M75—

LOAD .#- E

?1--25

27,0 x Wb

. 26,6X 10

- sl
26.1 x 10
26.1 % 10°
26,4 X 107
26.1 X108
26.7 X 108
26.3 X 10°
26.6 % 10°
26.7 x 10°
26.8 X 10°
26.5 X 10%
26.5 %10°
26.8% 10
36.6.%30%
274 X108
26.6% 10°
é
26.4 %408
26.6%-10°
3770 X205
269308

270X IO& -

EIASTICTTY~SECOND EOADING

Ee— TABIE 3,9¢2~2, CYCHIC REVERSE BENDING, MODUIUS OF
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3.10 SUMMARY-

The material characterization program-for. the Be-U3Al and Be-38A1 Lockalloy

-wmetertal lg SWmartzed as follows:

T The‘supposédly reported bétter bending characteristics of the Be-U3Al
ﬁﬁakalloy over—the Be=38A1 Lockalloy wetre found to bs_esséntiallf'equivalent in
this‘tes#.pndgrgnh_lmuuxﬂhnmg_ankailoy;Be—38Al would be-recorménded for any

~ futurz major spplication of Lockalloy,..

On the basis of the formability tests perforfied on the Leekelloy Be-38Ak, 1f
appeers “that- adddtional &ffort_is d¢sirable to better-define formability a.nd.deter-
mine -appropriate-snnealing and heat treating cycles fof the material, |

Considerable test scattér was_exhihited_inqthéwtensile-and compressive modulii
of elasticity of the Lockalloy material. This can be explained, in part, by the
difficulty experienced in establishing a tangent to the small straight-line ﬁortion
of a basically non-linear load-deflection curve éharacfefistic for the Lbckalloy
material, A contractor funded test program (not parf of the Statement of Work for
this contract) has been initiated to determine a modulus of elasticity from coupon
data, such that it will be consistent with measured stability allowablés on plate

~or column specimens at room temperature. It is prébable that some limited testing

will also be accomplished at 600°F.

Mhdulus of elasticity.values as obtained from-the axial strain gapes used on

the Poisson's ratio tests,‘exhibitéd less scatter as contrasted to the conventional

method of data obtained using'extensometers, at both room temperature and at 600 F o e cern e

The strain gage approach may be the most reliable method to detormine the modulus

of elasticity of Lockalloy material,
. . : . SR . '
kxposure of the Lockalloy material to LOO7F for 109 hours was o ither ogalvalent,
to or better than any of the material propertics of nonecrposed patoerial when

R
tested aft room temperature oo oal L0017,
)
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. The fatipue Life of o ]{l 1 specimen, deliberately seralehea neross ils
f" test section with a torque sel recess driver, is better than a Kt 3 specimen -
LT elther al room tempernture or at 600°F.
.:_ The fraclure toughness of Lockalloy, sheet and plqte is equivalent to or
:ﬂ better than 202k+F3 aluminum based on the residual str@npgihr-ratio, RSC, as defined
r  — in ASTM E-399. Valid Kic.xdlues vere not obtained, since specimen minimum thickness

i
-

s _ . eAges, the RSC in the extrustem—dire:tion was much better than Lockalloy shect or

of more—than one 1nch would-be. féquired in order to obtain valld KI values.-- For

i
extruded Lockallcy faterial, such as used in the ventral fin leading and trailing _ i

plate, but in the transverse direction no valid value could be obtained on the one
3pecimen tested as defined by ASTM E-399. This implies the material may have poorer
fracture toughness in the transverse direction than exhibited by sheet or plate.

Crdck vrowth.ratecharacteristics of Lockalloy on a normalized basis (alter-

 nating stress intensity/density) is approximately.3 X th-6 inches per cycle as com-

paféd to a typical crack growth rate in titanium of‘aluﬁinum or approximately

2 x 10—5 inches per cycle for an assumed crack size of .2 inch long in the center of
a wide panel operatiﬁg at a structural efficiency (strength to density ratio) of
200,000 inches.

Nc evidence of stress corrosion cracking was ;ncbdntered_of;bare and pro-
tected (Alodine 1200 or ADZ hiéh temp. aluminized painl) specimens coated with 3.9
percent salt. The specimens were stressed at 39 ksi al room temperature and 10 ksi
at 600°F for 100 hour exposure. At the conclusion of the test, fvrom all appearances,
the ADP high temp. aluminized paini system offered the best protfection,

'Iuckalloy iu subject to galvanic and general corrocion siloack 1f notl pro-
fected, similor Lo wluminum alloys.  ADP hivh Lemperature aluminiced pedint prﬁvidvs
execllenl pretestion qeqinstd eadeani-c and eenera]l corrosion oo ot o tent iated by

Lhe 1900 tenmir gulvandc Yool sns o0 heur goncind corrccion et T Dot e eenment
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Page 3-795

The two Tockalloy shear pwicls tested al room Lemperalure, one with thermodl

shock and the other withoul any prior heating, falled at the same looad of

7120,000 poutls throurh the net section of~the edyge” al.tachments, This indicates
thaet the hested area of the-thermal shock panel, with the lower stresses al the
center—of—the panel, was still less critical than the net section through the edge

AL LECHINENDS ¢ e

The special .tests eondueted-to evaluatz.the.strength in the short transverse:

direction of Lockdlloy plate showed-a ratio of 32% (average S.T. strength/Long. ... ...

5135— ultimabe- strength) as compared to e—ratfo of 224 for an identical specimen in T075-T6
material., The relatively high short transverse to longitudinel sﬁrength ratio does
not suggesﬁ any‘in-plane_Weakﬁéss due to delesmination for the Lockalloy material,

f n On the basis of the test results of the cyclic reversed bend tests, since the
c— modulus of elasticity did not show any change through 100 cycles of load reversa&s;
indicates thet the material remained structurally sound. Mild cold "check and

‘?-7”' Straightening".was therefore approved and was used successfully to correct a forming
_Qeficiency on one of the ventral fin surface panels,

Test resulis of deliberately scr&tched lap-shear Jjoint specimens with a

torque set recéss drive? showed no effect when scratched normal to the applied 1oad.
Seratehing the specimens parallel to the applied load showed a décrease in the failing.
load.__Hbﬂexer,_it was still consideféd to be within the normal test scatter

encountered when testing lep-shear 35int specimens,
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SKCTION 4

DESIGN CRITERIA

%.1_ DESIGN CONCEPT

The two underlying objectives in_ the ventrel fim design were simplicity of
constyuctidh and increased stiffness. To obtain the required stiffness, Be~-38A1
Lockalloy, an alloy con#isting of 62mpezcent-ﬁeryilium and 38 percent aluminum, was
selected .as_the principal structural material. ILockalloy s an extremely.lighte
i weigh;_gllgx'tﬁgt,hga a moduluswof,elasticit& ﬁhich_appfoaches that—of stesl. - It 1s

ideally sulted tc applications where compression loading 1s a factor. 1In order to

.exploit these characteristics, a éemimonocoque design was cﬁosen. In thils type of -
structure, relatively thick sﬁrface panels absorb the primary internal iocads.-and.the
substructure merely serves tc support the panels and provide a st;bilizing effect,
Two main characteristics of the ventral fin design thus are a light ﬁitanium'rib
and‘beam skeleton and Lockalloy surface panels, For simplicity, a symmetricél”
hexagon ajrfoil was chosen since this section consists mainly of flat surfaces, and

panel bends are needed only to form the lesling and trailing edge wedgee,

4,2 STRUCTURAL-ANALYSIS ..

A sEructural analysis was accomplished early in the program to verlify the
structural integrity of the ventral fin design. A mathematical medel of the ventral
- vin was set up and the NASTRAN structural analysis computer program was utilized for
calcuiating and distributing internal losds and stresses. External loadings, critical
internal loads, and stress calculations resulting thercefrom were published previously

in Tockheed~ADY Report Ho. SP-4400, dated 17 July 1979.
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4.3 SUBSTRUCIURE DESIGN
The substructure (Flgure 4.3-1) 1s a riveted network of titanium ribs and beams

fabricated primarily from annealed .050~inch T1-13V-11Cr=3Al materisl. The beams

-are joggled to provide a smcoth intersection with the ribs. The root rib is of

_constant thickness between the front and_rear principal beems. The ventral fin

contour tapers uniformly freém the root rib to the tip rib...The design emphasizes
simplicity and ease of fabrication and-allows the bulk of the sheet mebal tou-be..

sheared in the flat;-only a minor amount of profiling is required.. The design

further specifies. that all sheet metal forming is to~be done cold on a brake or.a. .. ...

Verson press. The joggles are standardized to reduce tooling costs and are done on
one Jjoggle block"ﬁsing shims to control joggle depth,__Deﬁail parts are designed for
fabrication using'standard machining operations. No patterns are required. Screw
holes are provided throughout the substructure for attaching the Lockalloy surface
plates. Fittinés for attaching the ventral fin to the airplane are installed at

the two points‘where the root rib intersects with the front and rear principel bheams.

4.4 SURFACE DESIGN

The surface contour of the ventral fin is essentially flat, except at the front

- and rear sections where—a slight taper is introduced. The skir-1like surface is

provided by 32 Lotkailoy pahels plus Lockalloy leading and trailing edge members.
The panels are fabricated from Lockalloy sheet materlal of .12%5%-inch and . 150~inch
thickimesses, TWelueioﬂmthempanals—;equired forming to produce the reguiired curva-
tures (approximately 3-degree, E.S;inch radius bends) in the vicinity of tlie front
and rear beams, All panels were designed for screw instaliation for two reasons:
Rivets would have to be squeezed instead of bucked, and access, at least from one
side, 15 required to install and service instrumentation, The 1nft=hand pancls are

installcd using hex nuts and the ripght-hand pancls using plate nuts, The desipn thas
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~Afigure. b h-1) arce machined from cxtruded lockalloy bor stock Lo provide o desipnuted

-

Poge bal

provides for gecess rrom Lhe ripght side ondy.  The lewling and trailing cdice mewbers

Laper and o reccss for installation of the surface panels,  Figure 4,02 chows Lhe
partiuvlly compleled ventral fin as il appcared during installation of surface pancls,

and Figmres h.Ji-3 and i b chow the completed fin #ith and without pancls installed.

4.5 FLIGHT TEST INSTRUMENTATION
One of the reqguirements of the ventral fin desipn was that it contain provisions

for installation of flight test instrumentation... {Ground test instrumentation, i.e.,

strain garges and deflection gages, were temporarily altached to the surface pancls of !
the fin externally at specified locations during the tests but did not influence the
design.) The flight lcst instrumentation specified by NASA included 20 dynamic
preésure transducers, 2 scannivalves, 19 strain gages, 10 thermocouples, 3 accelero-
meters,.and a. probe for measuring angle of attack and yaw. To accommoedate these
instruments, 80 pressure ports (type NA3718) are provided at specified locations for
uliimate connection (by NASA) to the dynamic pressure transducers; mounting pro-
vizions are incurporaled for the dynamic pressurc transducers, the accelerometers,
and the probe; and clamps and routing holes are provided for installation of the
NASA-supplied wiring harness (sec Figurc h.li=U). .. The design also specifies the
locations of the strain gages and thermocouples which were installed by lLockheed-ADP,
In asddition, appropriate space is provided ©t specificd locations for installation

(by NASA) of a "patch penel" and an "electrical conncction panel,"

W.O  DESTIGN SUPPORT COMPONKNT TESTS

Varlous {esls were performed whenever required Lo validale cortain aspecls of
the overall design. These included compression gplice Lesto, conprossion shability
Lests, and panel sLiffhess Lests. These Lests are degeribed in the feliowing:

a

paracraphs.  (Note: Additional detalls con- ening: Lhe compressicr splicoo Leots wnd
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Page L-15

31 x 31 x b inches, is shown in its test fixture in Figure 4.6,2-1, Jor cconomy,
anncaled 321 stainless steel was used on this specimen to simulate the Lockalloy
surfaces. (Annealed 321 has nearly the same modulus -~f elasticity and combression
yield strength as Be-38Al1 alloy apd also has a compréssion stress-strain cuive
which closely approximates that of Lockalloy.} The titanium Substructuré in this
specimen was thus representative of the ventral fin suﬁstructure. The specimen was

loaded in bending to produce compression in the upper surface.  Test results,which .

are presented in Volume 2, Appendix D of thig report, confirmed that the titanium sub-

8tructure would provide adequate support for stability of the Lockalloy surfaces to

compression stresses considerably in excess of the design ultimate stress for the
fin.

4,6.3 Panel Stiffness Tests - Modulus of elasticity is the most important material

property in a stability critical gstructure such as the ventral fin. Modwlus of
elasticity values for Lockalloy, determined from tensile testing, have exhibited
considerable scatter., This cin be explained, in part, by the difficuity experienced
in establiszhing & téngent to the small straight line.portion of the load-deflection
curve that 1s asgsociated with the low proportional limit of this material,

Actual ventral fin panels which, by virtue of their rectangular configuration,
could be subjected to bending loads,  were tested to determine bending stiffness.
Six panels were tested, all of which were formed and thercfore cubjected to the
thermai stress relieve tresitment at 105OOF. Data for a seventh pancl was obtained
by testing a rerunant from the Lockalloy sheet used for that panel,

The test consisted of loading the pancls as a simple beam incrementally‘to a,

total load of 100.24 pounds, while monitoring panei defleetion at the midpuint, The

—— .
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Fig. 4,6.3-1 - Panel Stiffness Test Loading Arrangement . ... . . .. _._..

The effective modulus of elasticity for each panel at the test stréss level
was determined from the cross~section and test data by means of the beam deflection
theory. Table 4.6.3-1 presents the test data and the calculated effective modulus

of elasticity for each of the panels tested,

- 4,7 DESIGN CHANGES — . ..

- A number of design changes wWere made after initial release of the engineering

ii; drawings, As a result of the joint strength tests described iu Paragraph 4.6.1,

titanium splice straps were added 6n the exterior surface whercver spanwise Jjoints

Lo oceurred....This.was done to reduce the eccentricity caused by "ae thick skin and

the thin substructure,...The strap was made in two pleces betweéﬁ each rib to pre-

vent the thermal expansion of the strap from loading the screw heads. Design

changes were also mede to eccommodete smaller surface panels which were required as

a result of accepting LO~inch lockalloy sheet material from KBI. The initial design,
which called for 20 surface panels, was revised“to incorporate an additional chordwiset
splice in the surface panels and thereby allow ise of 32 smaller-size panels. 'lhe

- splice was made on the inner side of the skin in the vicinity of a rib, The panels

. . were undercut to accommodate the splice plate and stiffener angles were added,

:'é - : In addition, several design changes were made as a result of the ground tesis of

the completed ventral fin. A review of the strain gage data obtained during ihe

|
|
|
]
!
]
l . .hn
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MOMENT 15T LOADING 2ND LOADING
PANEL NO. | SHEET1.D.| + or_mgam S -] STRESS] EX10° | 8 <IN | STRESS X103
AVE, { -KSI KS AVE. | -KSI | KSI
. — —jen
3NAS692-3 | HC181-1 |.1214] .001363 4631178 | 25.0 | 412 | 17.8 | 281
ANASEPI-4 | HCYIZ7-5 |.1385] .001809 335 [ 15.4 | 26.0 | 317 | 15.4 | 225
IMASSPS5-3 | HE148-2 |.1285] 001839 ,309 1 14,0 | 22,721 289 | 14.0 | 29.7
INAS6F5-4—| HE146-2 |.130 | 001504 a1 13,7 | 26,0 | 298 | 13,7 | 27.8
INASLRS-3 | HC~151-5 | 12771 0017752 ,345 14,3 | 25,7 | 318 | 14,3 | 27.9
INAS688-4. | HC-161=5 | 132 [ .oores7 . 325 113.2 | 24.3 | .306_| 13.2 | 25.8
INASETA-2 | HG140-3 |.128_1} 001407 426-118.2 | 26.3-| 392 | 18.2 | 28.5
(REMNANT- | -
PHCE) B
E gy = 35:6x307Ks! 27.9w10°
KS!
STRESS = %l- 2 400961
-7 I—
E =

M oetied < 5.
T§

TABIE U4.6:3=1., MODUIUS OF EIASPICITY TEST DATA  FOR SURFACE PANRIS
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proof load tests indicated that stresses in the Iockalloy surface pancls, near the-
root of the rear beam, were higher ihan had bcen predicted earlier, The Ltitanium
-substructuré was subsequently reinforced ito provide increased edge support and pre-

~ clude possible inétgbility failure of the surface panels in this area betwecen limit
and,ultiQQte‘loadings. Several_formed titanium angles were installed inside the.
existiﬁg spanwige titanium splice channels to ii:reasg the sépport quability.of the

substructure at the panel joints,
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SECTION &

TOOLING REQUIREMENTS

One of the pgulding philosophies in the design of the ventral fin was to hold

tooling requirements to a minimun... This.was accomplished by eliminating hot sizing

of  the titanium substructure detail parts, by minimizing.bends—in-the-surface panels, .

and also by using mulitipurpose flat templates and Verson dies. The tooling that was
used for the fabricaticn and agsembly of the fin is described in terms of substructure

tooling, surface panel tooling;Qandnassembly tooling.

5.1 . SUBSTRUCTURE TOOLING - ~ee.
Substructure todling consisted of flat templates, Verson dies, one joggle die,

drill templates, and drill bushings; The flat templates were made from aluminum

~ sheet material using standard shop practices, Whenever possible, flat templates were

designed for multipurpose applications {fabrication of more than one part). Verson
dies were used'for fabricatingrthe sheet metal ribs and beams. Owing to the common
taper of the leading and trailing edges of the ventral fin, sone of these dies had
multiple gpplications,.

As an economy measure, the.substructure was designed so tha% only one joggle
die would be needed. This concept was based upon using a common joggle length and
varying the joggle depth during the fabrication process by adding shims to the
Joggle blocKe v o e e PR

The predrilled Lockalloy surface panels werc used as drill templates for

drilling panel~mounting holes in the substructure. This served to ensure accurate

location of the holes. During the drilling process, & drill bushing of appropriate

size was inscrted in the holes to isolate the drill bit from the Lockulloy, thereby
preventing berylliwn contamination. Drill templates made of alumimus plate were usged

for drilling the attactment holes fer the hinge fittings, eoxcept in certain fnstances
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- & where holes had to be drilled using the actual fittings as dreill templaies. Drill -

bushings were provided for this purpose,

- 5.2 SURFACE PANEL TOOLING
E, S Surface panel tooling coﬁsisted_of ceramic forming dies, flat templates,

i and dedll_fixtures, Two male cerémic.dieés were used to bend the 12 Lockalloy surface

paneis that-required forming, one for the forward panels and one for the aft panels._...
N Left-hand and right-hand panels were formed on the same die.— ..c.—.

Flat templates Were-used to fabricase the surface panels. These.templates were

LN

mede out of aluminum sheet material .. _Each _template was cut to the same size as its .. . l

associated panel and had finish-size holes. The templates were used for locating

.‘
Y

snd drilling all mounting holes in the panels and for profiling edges.

ot |‘i

Two special drill fixtures were used to facilitate drilling the mating hales -

in the leading and trailing edge members and thelr attaching panels. BSeparate

fixtures were employed for the leading and trailing edges. The fixtures held the

LR N R B

leading (or trailing) edge member and the six adjacent panels in place as an assembly

] prior to in-line drilling; they also served as drill guides when locating and

= drilling the holes In the panels and the leading (trailing) edge members.

= 5.3. ASSEMBLY TOOLING
Assembly tooling—for the ventral fin consisted of a single assembly jig.

y As an economy measure, the assembly Jig that was used for the original ail;titanium
: g ventfal fin was sdapted for this application., Considerable modification was required,

. however, except for certain areas in the viciaity of the root rib; the tip rib, and
the front and rear hinge fittings. Thils was necessary since the planform of the new
- fin differs somewhat from that of 1ts predecessor,
- A minimum number of locators for substructure ribs and besms and for the lesiing

and trailing edpe members were sdded as required. This kind of ftooling was ﬁeld to a

1!“ ' ||l‘1'nltl'.| ;
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minimum by Installing the panels in a glven sequence, starting with the leading

= | bage 5-3/5.4
:‘- énd tralling edpes and the tip panels, ‘The panels were located, one to Llhe other,

- F using spacers in betwecen to provide for thermal expension gaps. _ -
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FABRICATION AND ASSEMBLY

Fabrication and assembly of the ventral fin involved fabrication of the

principal members and detall parts of the titanium substructure, febrication of

 %;‘ the Lockalloy surface pancls and leading/trailing edpes, assembly of the sub-

", structure, installation of flight test instrumentation and associated wiring, and

W 'finally, installation of surface plates and hinge fittings., This section covers all

of the above opera;ions. However, since thig was the first significant application

of Lockalioy ﬁs a structoral material for eircraft, added emphasis is given to the
oﬁeratibns entailing machining and forming of ﬁhe Lockglloy components of the ventral
fin and the\_sa.fety preceutions and safety fests a.sscciated vherewith, All fabrication
and assembly operations were ﬁccomplished at Lockheed-ADP's production facilities,
with the‘éxception of Lockalloy machinlng operations. Trese were accomplished ouil of
plant by selected vendors that had the special equipment needed toﬁcolleqt the

berylliwn particles produced by the machining operations,

6.1 PANEL FABRICATION

The ventral fin surfeace structufe consists of 32 Lockalley panels of varying
shapes and sizes, plus Lockalloy leaﬂing and tralling edge members. ‘Iwenty of the
panels and the lesding and trailing edge members reqpired only machining., However,
the twelve panels located over the fronf aﬁa rear beams of the ventral fin fequirud
both machining and forming. The forming mold lines of these panels define the
forward and att wedges of the ventral fin's cross-sectional confipuration., “The

machining and forming operations arce descéribed in the following subparagrophs,

- G.1.1 Mzchining Operations = The surfuace pancls were made olther Prom (129 or L 1%0-

inch lLockalloy sheet malerial, The flal panclu were first oul to approximoate size by

L'E B
] N

bandsaw, leaving, about, 1/8 in+h tor peripherel Lrim.  They were Lhen meehin g Lo

[
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1"1_ " finlsh alze and mouncing holes were drilled, Purface pancls thal attach to the

r'r‘f - leading and tralling edge members were drilled on Lhree sides only, for reasons

degeribed in the next paragraph, On the panels that required fosming, two clongated
indexing holes werce incorporated in tabs extending along the bend line of the panels,
The bend edges of these pancls were trimmed to finlsh size prlor to turming; however,

the remaining edges were not trimmed and the mounting holes were not drilled until

after forming., All machining operations were accomplished in accordance with
 templates supplied by Lockheed-ADP,

Leading and trailing edge members were machined from extruded Lockalloy bar

© o | NERRR o AR )

stock to provide the required tapered cross-section and the recesses on either side
which are needed to permit flush installation of the overlapping surface plates.
Holes were then drilled simultaneously in the individusl leeding (or trailing) edge

..-member and the surface panels that attach thereto. Speclal drill fixtures were
supplied by Lockheed=ADP to serve as drill guldes and also to hold the leading and
tralling edge members and their associated panels in place during the drilling
operations.

6.1.2 Forming Operations - Forming operations were accomplished at Lockheed-ADi

after the panels had been machined as described earlier, The forming was relatively

e simple,.consiéting of a single element constant bend of avproximately 3 degrees.

r Preliminary tests, performed hot on narrow coupons, suggested that an R/t ratio of
s 16 would be a comfortable minimwm value to use in the design., A bend radius of 2.5
inches was sclected, based on the thicker gauge (.150-inch) panels., A forming
temperature of 10500F for a period of 1 hour was selected as a combination forming

and stress-relieving cycle. This cycle was selected because 1t appeured to involve

the least risk of failure, 8ince limited time was available for development work on

L et . h e
Pidajernrag et e

this program, no atlempt was made to optimize the forming and stress-r i vine cyete,

iy jl'u'g".n LR A R I PRIPET Y
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3ingle, male, cast ccramle (glassrock) dles were used. Because of the

LTI PR

— difference in bend angle betwcen the front and the rear besyy panels, two dles werc

0

— made, Fach die Incorporated two sets of Indexing holes to accommodate the different

slze panels. The eight smaller panels with an approximate bend line of 1l inches

SRR

{

were formed first in accordance with the following procedures:.....

a, The blank was first washed in an alkaline soep solution.
- b. The die was then preheated to 1050°F and lubricated by spraying
it with a graphite lubricaent (Everlube T=50),

The blank was lLoaded on the preheated-die and indexed by means of

it
0
.

drep pins,

‘ili'.ii e T

4. The blank was then covered with slip sheets in preparation for loaeding
- with weights. (Slip sheets were .0l6-inch thick commercialiy pure

titanium, Two slip sheets were used, one on either side of the bend.)
- e. Preheated dead weights were then placed on the glip sheets., Stainless

steel bars and plates were used for this purpose,

s “‘i 'y -

f. The die assembly was then placed in the furnace and heated to 1050°F.

.

| )

This temperature was malntained for one hour. External therﬁocouples

were placed sgalnst the dle face to monitor temperature.
g. The loaded die was then removed from the furnace and allowed to cool
overnight to room temperature. Af'ter cooling, the welights were unloaded

and the formed paris were removed.

h, After being washed and Zyglo-inspected, the formed part was sent to the

outside machine shop for finish machining.

The sbove procedure proved to be highly successful in forming all of the gmall

R TENT A I B T I [T

panels,  Bend definition and anpgularitly were pood and all of these pancls were

formed at the first attempl, The same procedure was therefore used for the four

larger panels, Two of these panels hal 30-inch bend lincs,

4
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The initlal effort to form one of these panels using the above procedure did
not meet with the same success, however, The panel, upon removal of the decad welphts,
lifted off the die along its periphery, resulting in an anticlastic, saddle-back-

sheped gurface. The bow at the bend line measured approximately 3/8 inch, with the

edzes being higher than the middle. The bowlng wes thought to be the result of an

incomplete stress rellef. To compensate, the heating cycle was extended to .12 hours

and the dead weights were rearranged to apply greater pressure around the edges. This,

too, _however, was unsuccessfui, suggesting that the bowing could possibly be due to

-'residualHStressesminduced"during cool down. .

Various methods were employed to maintain an even temperature during cool down
on this and subsequent panels. . Panels were covered with insulating blankets and
allowed to slowly cool in the oven, and weights were judicilously removed to com-
pensate for uncven cocl down. A set of shaped cersmic blocks was also made to
separate the panel from the steel weights... A1l of these methods aet with partial
success and none were repeatable. In addition, cold-forming on a power brake
followed by & dle anneal was tried, but this too did not appreciably improve panel
definition, As = result of the above forming trials, two panels with a slight bow
of approximetely .09 and ,10, respectively, were deered acéeptable for'assembly» On
the remaining two panels the bowing persisted to e magnitude of approximately l/h
inch.

A check and stralghtening operation in a power brake was then tried. This
standard shop practice, which is often employed to correct minor distortions in
aluminum and titanium parts, is normally governed by process specifications.

However, since no previous experlence existed with Lockalloy, a simple cold bend test
was devigsed and performed uﬁ a Lockalloy remnant to verify that the panel would
suffer no damage or degradation, “his test is desceribed in Scction 3, Parapgraph 3.9,

One of the cold-straiphtened panels was successfully brought to the desired
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Fage 6-5
coﬁfigufation and after Zyplo-inspection was relcased Lo produepipn. Thersecond
panel, however, was distorted by the introduction of a slipht 0ll can buckle, To
remove thiz distortion, the panel was subjected to an additional strcss-relieving
cycle on the ceramic die. The original forming procedure was used but a different
cooling cycle was tried, This time the panel was_removed from the hot die rapidly
and cuspended in still air to allow natural cooling to room temperature. The panel
produced by this method proved to be one of -the better ones.__The natural air-cool

cycle evidently provided uniform cooling with attendant results...This method of

" cooling is much more economical than the initial method, since the duration of the

cycle 1s greatly reduced and the die is available socner for further production,
Further verification tests are needed, however, to demonstrate the rellability and

repeatability of this forming technique before it can be fully accredited.

6.2 SUBSTRUCTURE ASSEMBLY

Fabrication of the ventral fin substruciure was accomplished in the assembly
Jig by first clamping the ILockalloy léading and trailing edge members; the titanium
ribs, beams, and associated fillers, angles, and internal splice straps in positions
determined by locators...The above struclural members were then tack rivcted together

using standard shop practlces, Panel mounting hnles were drilled in the substruzture

afﬁer assembly was complete, using the actusl panels as templates. Pilot holes were
drilled@ initially., These holes were later punched and reamed to final size, unless
sccessibility dictated drilling. Drill bushings were used to protect the holes in
the panels an. also to prevent the assembly arca from being contaminated by beryllium
particles, Panels were clamped in place one at a time and the holes were then
drilled. Mounting holes for the next adjacent panel were then driiled in a similar
manner. Mounting holes for each horizontal row of panels werc drilled in an orderly
predrtermined sequence, working from the leading and trailing edpes towards the

center and establishing proper thermal expansion gaps botween panels in the proocss,
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The final step in the assembly of Lhe substructure invelved installation of

" the fronl and rear hinge fittings at the intersection of the root rib and the

principal front and rear b.ams.. Most.of. the holes needed for installation of the
fittings were drilled using dril. templates made-directly from the fittings. The

remaining holes were drilled using the actual fittings with drill bushings installed

~in the holes to prevent damage.

6.3 FINAL ASSEMBLY .. _._

' Final assembly of the ventral fin primarily involved installation of the flight
test instrumentatibn and installation of surface paneéls,. The inner surfaces of the
panels and the exterior titanium splice straps were painted with a high tcmperature
aluminized paint prior to assembly to isolate the digsimilar metals that would other-
wise be in direct contact following final assembly. This was done to brevénﬁ future
galvanic action,

The left-hand panels were installed first, using screws and hex nuts. These
panels are permanently installed and are not supposed to be removed in the field.
Next, the flight test instrumentetion and its assoclated wire harnesses and cabling
were installed indesignated locations. The final step in the assembly sequence
invelved installation of thé right-hand sufface panels. These panels are secured
thrcugh close toleranhce mounting holes by fixed plate nuts and screvs and are
designed for easy removal to provide access to internal flight test instrumentation.
During final assembly, however, it became apparent that these panels could not be
removed and replaced as easily as had been desired, Small inaccuracies, accumulated
in the transfer drilling of holes from the panels to the substructure, combined with
minimun diameter holes in the panels and the fixed locations of the plate nuts, made
1t difficult to install and remove the fasteners. This situation was corrected by
carefully reaming the holes Iin the Lockalloy panels to increase thelr diameter to too

hizh side of acceptapble tolerances.
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The completed ventral fin was then subjected Lo proof-load testsz. A review of
the strain page data 6btained during these tests indiecated that stresses in the
surface panels, near the root rib and rear beam, were congiderably higher than had
béén predicted.. The substructure was reinforced as a result to provide increased
edge support énd preclude possible instability failure.éf the surface panels in this
area between limit and ultimate losdings, Several formed titantum angles were
installed inside the existing spanwise titanium splice channels to increase the

sﬁpport capability of the substructure at the panel joints.

6.t SAFETY PROVISIONS AND TESTS

Safety tests were perforined periodically throughout the program by Lockheed-ADP
personnel in association with the Lockheed~California Compeny Industrial Safety
Departmént. These Lests were needed to assurc the safety of personnel that would be
fabricating the Lockalloy components of the ventral fin or conducting the concurrent.
material characterization studies. Since the toxi¢ effects that accrue from inhal-
ation of berylliﬁm powder are well known, it was reasonable to assume that the
machining or hot forming of Lockalloy ¢ould be hazardous to the personnel sn-engaged.
For this reason, the machining of most of the Lockalloy components was left to outgide
vendors that had special hooded enclosures equipped with vecuum devices to prevent
contaminatioh of the air. However, since all forming oﬁerations and materlal char-
acterizatlon studies were to be accomplished in=plant by Lockheed-ADP perscnnel,
special tests were performed in advence to confirm that heating Lockalloy to temper-
aturea of lOSOOF did not present a health hazard., In addition, tests were performed
to detect Lockalloy surfacn contamination and also to determine the hazards nssociated

with simple machining operaticns that might have to be done in-plant,
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6.4,1 lockalloy Heating Safety Tesls - To verify the safcly of workin  with lockulloy

at typleal forming temperatures, several specimens were healed in a small furnace and
air samples obtained periodically by opening the furnacé door, The air samples were
collecﬁed uging equipment provided by, and under the direct supervision of, a
représentative from the chkheed—California Company Industrial Safeﬁy Department.

Two types"of equipment were used which.collected alr samples at two different

rates of alrflow.. Fllters from both samplers were submitted for analysis to deter-

" mine the total quantity of beryllium collected, In each case, the total weight of -

beryllium was extremely small compared to alléwablemlevelsr For a given volume of a
alry hoﬁever, there was & large difference in the quantity collecied using the two
samplens,__mheée,resuitsWﬁére.consideredﬁinconclusixe, since the to;al weights of
beryllium reported approached the minimum that could be measured using.the accepted

anal?sis method.

TTTTA second. set of air samples was obtalned, over a longer period of time, using

the equipment with the highest rate of alrflow. This was done in an attempt to collect

& larger total quantity of beryllium, if any was present.

Filters used during this second set of sampling tests were submitted for
analysis, along with new, uncontaminated filters... These filters were analyzed
using two different;analysis methods. In both cases, the totel quantlty of beryllium
reporied on the unexposed fillters was higher than that found on the fllters used
during actual air sampling of Lockalleoy specimens heated to 10500F. In all cases,
the total welght reported was less than the minimum that can be accurately measured
by the particular analysis method used.

As & result of .he above tests, the Industrial Safety Department concluded that
heating Lockalloy séecimens to IOSOOF does not liberate any beryllivm to the atmosphere,
Lockheed-ADP was then authorized to process and test Lockalloy at this temperature

without any speclal precautionary measurcs.
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6.h.2 Lockalloy Surface Contamination Safety Tests ~ Special tests were performed

to measure surface contaminatiqn of Lockalloy under various conditions. The Lock- .
alloy surface panels were tested for surface contamlnation by wiping the panels
with filter pspers. Panels were tested in as-recelved condition, after machining, .
and after thorough washing. Analysis of the filters indicated that the surface
beryllium is detectable but considerably below the limits considered acceptable.
8imilar tests performed on Lockalloy.specimens exposed to 3.5 percent salt
spray solution for seven days indicated high levéis of beryllium oxides attached
to the surface. It was thereforé concluded that paint or other appropriaste surface
coatings should be used to protect Lockalloy material intended for use in corrosive
envirofments, and thereby protect personnel from possible contamination,

6.4.3  Tockallcy Machining Safety Tests - During final assembly of the ventral fin

it became necessary to enlarge the holes in the Lockalloy panels (See Paragraph 6.3).
Since this operation was performed at Lockheed-ADP, it afforded an opportunity to
determine whether or not it posed any hazards to the persomnnel involved. During 7
the reaming operation, portable vacuum equipment was used to collect the Lockalloy
chips. Alr samples were also collected at the work and in the surrounding area by
a representative from the Lockheed-California Company Industrial Sufety Department.
- Analysis of these samples indicated that the quantity of beryllium in the atmosphere
was well below acceptable limits and coﬁfirmed‘that this operation could be accom-
plished safely.

6.h.4  Physical Examinations for Personnel - In addition to the above safety tecsts,

all Lockheed-ADP personnel involved in ILockalloy fabrication and testing were pgiven
thorough physical examinations at the outset of the program and will be re-examined
at its conclusion to determine whether any deleteriovus efPects on the health of

personnel occurred as a result of their participation on this propram.
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6.5 EXPERIENCE SUMMARY
During fabrication of the Lockalloy surface panels, .valuable experience was
gained relative to the machining and forming of Be-38A1 Léékalloy. Although the
formed paris were relatively simple, the formabillty of Lockalloy was confirmed and
the ease with which it can be machined was amply demonstrated. Spécific cancluslons
resulting from the various fabricatlion processes utilized during the program and
from. the. accompenying sa.fef_‘y tests are lisfed below:
a. Lockalloy can be machined almost as easily as structural aluminum alloys.
(The cutting life of the cutters is approximately one-half that of cutters
used on aluminum alloys.)
b, Standard cutting tools can be used for Lockalloy - no special carbide-~type
cutting tools wre necessary.
¢. Unlike beryllium, no postmachining etching of Lockalloy is required
to eliminate microcracking.
d. Extensive Lockalloy machining operations require special equipment to
prevent random dispersion of beryllium particles; however, simple
machining operations such as reaming, countersinking, corrective
drilling, etc., can be accomplished using portable vacuum equipment
to prevent contemination of the work ares. “
e. Small Lockalloy panels can be formed with relative case at temperatures
of IOSOOF using inexpensive open-face ceramlec dies; 1arge: Lockalloy
panels are subject to distortions introduced by non-uniform cuoling.
Although this prgblem appearcd to have been overcome by the simple
expedi~nt of natural alr-cooling following forming, additiona: tests

L

are needed Lu confirn. the repeatablility of this process

EEEY
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Lockalloy does not require cleaning to remove oxidation after prolonged
exposure to forming temperatures, .
No safety precautidns are necessary to protect personnel during
Iockallay forming operstions. ——e -
Fabrication. costs a.ssociﬁted with Lockalloy forming operations appear
to be reasoneble since relatively simble open~face ceramic. dies can be
used for most Q.nticip&t&c‘ applications, Moreover, forming can be
accomplished dn the fu. :.e without the use of & hot press,
Handling of Iockalloy material or parts fabricated therefrom-is net-
hazardous to personnel; however, handling of ILockallay meterisl thet hes
had prolonged exposure to a corrosive environment may be hazardous to
personnel if products of corrosion mre present., To prevent corrosion
eand also safeguard personnel, Lockalloy material intended for use in such

en environment should be protected by painting or other surface trestments.
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SECTION f

2 GROUND TESTS

Ground tests were performed to proof test the ventral fin prior to delivery to

- NASA Flight Research Center andrté calibraté the flight test instrumentation. These
Ttests were performed with the ventral fin mounted in a loading fixture by means of

E f? its forward‘and aft hinge fittings as it is in the airplane., Instrumentation con-
}_¢~— sisted of axial strain gages, shear gages, and deflection gages (Figure 7-1). Test

[ loads were applied to the fin through strategically located compression pads by means
of hydraulic jacks (Figure 7-2). The fin was first proof-loaded to design limit load
Li; _ for each of three different critical fiight loading conditions (15, 57, and Tl percent

of mean aerodynamic chord, representing anticipated flight maximums). Strain gage and

deflection readings were recorded at each loaa increment.

Data for calibration of flight test instrumentation was obtained by scparatel;

S T

t

loading each of 20 compreszsicn pads with arbitrary loads. Deflection and strain
age readings were taken at 20 percent load increments as the load was increased and

as it was decrecased., This data was subsequently transferred to punched cards for

..,n":”ii.r SRR
!

eventual use in a flight test correlation program.

Additional information concerning the ground tests is provided in o speeial
report, titled "Proof and Calibration Tests - Lockalloy Ventral ?in," Iockheed-ADDE

Report No. SP-4kOl,

]
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